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PREFACE

The conclusions given in this report are based upon the "Engineering

Manual (PMlO0-1)" method for culaculation of "protection factors". Since

an error analysis is not presently available, the conclusions should be

regarded as tentative, pending the development of such an analysis. In

addition, a redistribution of fallout and/or changes in the V-ray spectrum

emitted by the fallout may introduce further uncertainties into these con-

clusions.
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ABSTRACT

This is Volume II of four separately bound volumes that report the research

completed in fulfillment of Office of Civil Defense Work Unit No. 3233B, "Radio-

logical Recovery Requirements, SLructures, and Operations Research." This describes

six supporting studies all previously reported to the Office of Civil Defense in

research memoranda. Volume I describes the general aspects of the investigations

and presents the conclusions and recommendations. The abstract for each of the

volumes is presented on the following pages.
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ABSTRACT FOR VOLUME I

This study examines the application of decontamination strategies to

extensive urban areas. Urban areas of various sizes (from a few acres to an

interconnected system involving hundreds of acres) are examined with regard to

decontaminating vital sections and their connecting links. Feasible creation of

decontaminated "islands" or marshalling areas is determined. The nature and

scope of coimnand and control system elements required for conducting effective

decontamination in practical situations are defined together with the preattack

and postattack data required by such a system. Several models of detector

response to gamma radiation developed during the course of the project are briefly

discussed.
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ABSTRACT FOR VOLUME II

Volume II contains six supporting studies. Described are a number of models

for determining the cost and effectiveness of decontaminating mnu•icipal areas.

One study examines the system components of a command and control system for

municipal decontamination. These studies cover the following subjects:

1. A Feasibility Study of the Application of Analog Computers to the Analysis

of Decontamination: This study describes the research completed on the applica-

tion of analog computers to the analysis of decontamination. A simplified analog

model of the effect of a single decontamination effort on a single plane of

contamination is explained and described. Sample analog records of output from a

prototype of this model are presented. The design of a more elaborate model

requiring substantially more analog equipment is described, and applications are

indicated.

2. A Circular Model for Approximating Gamma RaX Intensity at a Single

Detector Location: An approximate procedure for determining the gamma ray

intensity at a point, due to fallout radiation, is investigated. A reasonably

accurate model using circular annulus geometry was developed which includes tle

effects of gamma ray attenuation, build-up, backscatter, and skyshine. This

model was based on NBS Monograph 42.

A single annulus model is described in order to show clearly the basic

premises upon which the full "circular" model is based. The development of the

multiple annulus model is treated in a manner to show how each of the parameters

involved is handled. An example demonstrating the use of the model is included.

3. A Square-Grid Model for Approximating Ganmma Ray IntensitX at a Si..gle

Detector Location: This study describes a simple and practical procedure for

determining the approximate fallout gamma ray intensity at a point as a function

of the geometry of the contributing planes and related shielding. The procedure

described employs a "square-grid" technique for modeling the contaminated planes.

"Vii



This model is shown to be reasonably accurate and easily adapted to practical

situations with the help of scaled overlays for city maps to be used in conjunc-

tion with the tables and graphs developed in the research. An example analysis

is carried out to illustrate the method.

4. A Point Source Model for Approximating Gamma Ray Intensity at a Single

Detector location (The Equivalent Planes Method): A method for analyzing the

dose contributions front plane areas of fallout is developed; each contaminated

plane is treated as a weighted point source of radiation intensfty. Only the

area, the lcation of the center, the eccentricity of the approximating rectangle,

and the intervening shielding need be considered. Limits are developed for the

eccentricity of an area, centered over the detector, which can be represented by

a square of the samc irea with an error of less than ten percent in dose rate

contribution. Limits are also developed for the area of off-center contaminated

areas such that the product of area timas the dose rate -ontribution per unit

area is within ten percent of the true contribution from the area.

A sample analysis is given.

A step by step procedure based on this model, called "The Equivalent Planes

Method," is presented. A small booklet which could be used as an "Equivalent

Planes Method" workbook (together with some work sheets) is included in an envelope

at the back of this volume.

5. A FORTRAN Program for Decontamination Analysis: This study describes a

debugged and tested FORTRAN computer program to compute the effectiveness parameters

used to analyze municipal decontamination. The program was written in FORTRAN

64 to be used on large scale computers such as the CDC 3600.

6. The Nature and Scope of Command and Control System Elements Required tor

Cotiductinj Effective Decontamination in Municipalitiest This study serves to

determine the nature and scope of command and control system. elements which are

required to effect practical municipal decontamination. The preattack and
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postattack data requirementa for decontamination are specified, ard the essential

components of an information system for decontaminatton are identified anc related.

The influence of direct weapons effects on the decontamination system is examined.
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4 ABSTRACT FOR VOLUME III

Volume III contains the cost and effectiveness data for decontamination

analyses of sixteen sites and facilities in San Jose, California. Costs are

measured in team-hours of effort. Decontamination effectiveness is measured in

terms of fractienw of dose-rate remaining at specified detector lecttions and

fractions of dose remaining for persons who perform functions requiring specified

daily activity patterns at the sites and facilities chosen.
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ABSTRACT FOR VOLUME IV

Volume IV contains the cost and effectiveness data for decontamination

analyses of twelve sites and facilities in Detroit, Michigan. Costs are measured

in team-hours of effort. Decontamination effectiveness is measured in terms of

fractions of dose-rate remaining at specified detector locations and fractions of

dose remaining for persons who perform functions requirinS specified daily activity

patterns at the sites and facilities chosen.
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.adiological Recovery Requirements, Structures, and Operations Reaearch

Volume 7I, Development of Analytical, Computer, and Systems Models i, Supprt

of Decontamination Analysis

I. INTRODUCTION

This volume reports six studies performed under Office of Civil Defense

Subtask 3233B, Radiological Recovery Requirements, Structures, and

Operations Research. It is addressed to technical personnel concerned with the

planning of postattack ricovery operations as summarized and described in Volume

I of this report. All of the studies presented in Volume II are concerned with

the development of tools which can be used to examine the effectiveness and

costs of decontamination when applied to accelerating recovery of an activity in

a postattack environment.

When this work began, it seemed that large complexes comprised of several

buildings could not be analyzed quickly or efficiently without modifying the

analy~is techniques that were previously developed for single-facility shielding

analysis. Thus, to meet what then appeared to be a requirement for efficient

decontamination analysis, a number of models were developed for approximating

gama ray intensity at a point due to complex contaminated plane configurations.

Each of these models is discussed in a separate appendix (Appendices A through

D) in this voltnne.

Paralleling the development of the analytical models and the analog computer

model, two computer programs written in FORTMAN for the CDC 3600 were completed

and debugged to perform most of the computation required to analyze decontamination

operations as applied to several sites and facilities selected from San Jose and

Detroit. The first of these programs (Reference i) was developed and debugged

under another contract. This program computes the plane-by-plane contributions to

intensity at a specified detector location. The second of these programs computes

I.



the effectiveness parameters of the individual decontamination analyses. This

program is depcribed in Appendix E.

Lastly, the nature and scope of the command and control system elements

required to affect practical municipal decontamination are defined. The pre-

attack and postattack data requirements are identified and related to the system

as a whole. The influence of direct weapons effects on the decontamination system

are examined. This work is described in Appendix F. The six supporting studies

included in this volume are:

1. Appendix A: A Feasibility Study of the Application of Analog Computers

to the Analysis of Decontamination

2. Appendix B: A Circular Model for Approximating Gamma Ray Intensity at

a Single Detector Location

3. Appendix C: A Square-Grid Model for Approximating Gamma Ray Intensity

at a Single Detector Location

4. Appendix D: A Point-Source Model and the Equivalent Planes Method for

Approximating Gamma Ray Intensity at a Single Detector Location

5. Appendix E: A FORTAN Program for Decontamination Analysis

6. Appendix r: The Nature and Scope of Command and Control System Elements

Required for Conducting Effective Decontamination in Municipalities

2
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Appendix A

A Feasibility Study of the Application of Analog

Computers to the Analysis of Decontamination

Note: The material in this Appendix was originally submitted to USNRDL
as Research Memorandum RM-OU-214-2*.

* J. r. Ryan. A Feasibility Study of the Application of Analog Computers
to the Analysis of Decontamination. RM-OU-214-2. Durham, North
Carolina: Research Triangle Institute, Operations Research and
Economics Division, I April 1965
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Appendix A

A Feasibility Study of the Application of
Analog Computers to the Analysis of Decontamination

I. INTRODUCTION

To the author's knowledge, only digital computer programs are presently used

to calculate the protection factor associated with specific detector locations.

These programs, with some modifications, can be used to calculate the individual

intensity contributions from each of the contributing contaminated planes. Thus,

these programs can be effectively used to estimate the value of decontaminating

one or more of these planes of contamination. These programs are very detailed.

The inputs are an itemized description of all of the planes of contamination and

of the intervening shielding.

The over-all time required to prepare such inputs is usually very long, and

thus reduces the number of facilities or activities which can be considered in

the analysis of decontamination for a large municipal area. This deficiency led

to the investigation of an analog model that uses continuous variables for the

environmental parameters as well as the parameters associated with the decontami-

nation operations. Analog models are characteristically smaller in scope than

digital models, less minute in detail, have a shorter running time, and can be

more easily changed.

This study is a result of a very brief effort to determine the applicability

of analog copiiteri to the analysis of decontamination. This appendix presents

a detailed, non-technical description of the analog computer study. The initial

pages are devoted to a description and discussion of anaiog computerr. The sub-

sequent pages describe both the limited decontamination simulation fitted to the

available hardware at the Research Triangle Institute and & more elaborate model

which requires substantially more equipment. Sample runs are included. The final

section of the appendix presents conclusions and recommendations for future work.
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Section VI is a technical description of the mathenatical equations and hard-

ware components (both existing and proposed) of the decontamination models.
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II. DISCUSSION OF ANALOG COMPUTERS*

A. General

The history of computers is, in fact, two histories. Most authors (References

A-I and A-2 for example) recognize that there are very basic factors which dis-

tinguish between the family of digital computers and the family of analog com-

puters. Usually the abacus and the slide rule are used to e,-emplify a simple

computer from each of these families respectively. For the purpose of this report,

however, it is not necessary to elaborate on the philosophy or historical divergence

of the two families of computers. It is only necessary to discuss the one primary

factor which distinguishes between analog and digital computers--the way in which

data is handled in each machine.

In the digital computer, data is comprised of discrete numbers (represented

by digits, magnetic senses, bit positi.oIS--or in the case of the abacus--bead

positions, etc.) whereas in the analog computer data is represented as a continuous

variable (represented by wheel positions, electric voltages--or in the case of the

slide rule--slide bar positions, etc.).

The general-purpose electronic anaiog computer is the type of computer

considered in this report. In order to evaluate the features of this type of

analog computer, it is helpful also to consider electronic digital computers.

The following several paragraphs extracted from Reference A-3 very clearly present

the pertinent differences between analog and digital models as they affect the

analysis and conclusions prest:nLed in this report:

Readers already familiar witn analog computers vhould omit this section. Readers
who would like to learn more about the use of analog computers are referred to
Reference A-1.

For a detailed (technical) comparison of digital and analog comcltters, see
Reference A-2, Chapter 2.
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"Digital computers are compo3ed of a large number of multiple inter-
connected bistable devices. These on-off components along with trans-
ferring devices form the basis of the digital computur capability--
they enable formation and storage of numbers, simple arithmetic opera-
tions, and two-valued logic operations. Any function which can be
expressed or approximated as a sequence of these operations can be per-
formed on the digital computer.

"Analog computers are not as simply composed but consist of many
components with different functions or operating modes. Their capa-
bility depends on thei.r having a large and varied collection of com-
ponents to draw on. Electronic circuits provide this required variety,
including summers, integrators, multipliers, function generators,
switches, comparators, and many simple circuits which may be built
quickly from resistors and capacitors to provide special functions.

"Mechaniza•:g an analog computer model consists in connecting these

variou3 components together in the same way as the equations are formed
c- as the physical system is envisioned. The model is built in parallel;
for each operation in the system there is a component in the model that
perfc ms the same operation. If there are ten multiplications in the
system, then there wust be ten multipliers in the model, which will all
be operating at once. This is just the opposite of digital computers,
which are organized ir series. That is, every operation in the system
is performed by one component. If there are ten multiplications in the
system, then the digital model will perform one multiplication at a
time in the programmed sequence.

"One consequence of parallel organization is that increases in
system size or complexity bring a correspunding increase in the number
of components required in the model. With series organization, an
increase in system size or complexity results in a longer running time
for the model.

"A second consequence of the parallel organization is that if the
model is interrupted at any time during the run, all variables will be
found to be at the value corresponding to the one the system would
have at that time. That is to say, there is an iscmorphism between
time in the system and time in the model. This is not the case with
series organization as in digital computer models, where the model can
be interrupted only at certain specific times to be meaningful.

"Computing time on an analog computer model is usually very short.
While the basic switching tine of the digital computer may be one
thousand to ten thousand times faster than the response tine of an
aqaiog computer component, the number of operations required in the
digal computer for any complicated function is so large that, in
fact, the total operation may rot be faster than the analog computer
component. Thus, speed in performing the total operation coupled
with parallel organization allows the time variable on the analog to
be scaled as a fraction or multiple of real time. Running times on
the analog are usually scaled to range between 10 seconds and 2
minutes. For example, an analog model of a valve which opens in 2
seconds might be scaled to have I aecrud of real time equal 10 seconds
of computer time, thereby slowing do-n th operation for each ooserva-
tion. A battle model in which the time of flight to target is 5 hours
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might be scaled to have 1 hour of real time equal 1 second on the
computer, vastly speeding up the time required for a run.

"Analog computer models require a considerably more contracted

treatment of large-scale problems but provide a more tractable model.
That is, large volumes of data, readily handled by digital computers,
are impossible on the analog unless they can be treated in an aggre-
gated manner; but changes can be made easily, while operating, by
simply resetting a dial.

"There is considerable difference between the form of the output
on the two computers. The usual output of a digital computer is a
tabulation of the results. Analog output is usually in a graphic
form, whether as a chart showing the variation of a number of para-
meters with time or as a plot of one variable against another. This
graphical output is adapted very well to problems where a physical
understanding of the interactions is desired, since the effect of
variations can be immediately seen.

"In summary then, an analog computer model with its treatment of
data and variables quite aggregated would be expected tc be considerably
smaller in scope than 'a digital computer model. Operational changes
could be simply made and input data easily varied. Output would be
graphical and running time short, so that results of input changes
would be immediately available and easily interpreted. This is in
contrast with present digital models which are detailed, longer run-
ning, less readily changed, and considerably broader in scope."

B. Analog Computers and Decontamination Analyses

Some comments augmenting and tying the above remarks to the problem of

analyzing decontamination operations are appropriate here.

The "parallel organization" feature described above is particularly useful in

analyzing the effects of decontaminating a number of indcpendent contaminated

surfaces. Instead oi having to compute the effects of the separate operation

serially, one can build the model so as to show, as a function of (scaled) real

time, the effect of the sum of these decontamination operations, where they could

be performed simultaneously, or sequanced in any way whatsoever.

Furthermore, different differential equations can be used to govern the

efficiency of the individual detontamination operations where the parameters

describing these differential equations can be varied manually at run time.

This, of couxse, would be impossible to do with a digital computer. The ability

to easily solve very complex differential equations (not easily soluable by paper
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and pencil methods) is one of the chief capabilities of analog computers.

The "graphical output" feature can, of course, be performed on a digital

computer with the appropriate peripheral equipment, but the biblity to respond at

conputer running time to the information being graphed is impossible with normal

digital "quipment. Thus, analog computers can be a useful tool for training

personnel responsible for large-scale nnnicipal decontamination. This will be

discussed in more detail later in this appendix.

A-6



Ill. DESCRIPTION OF I.L!ITED DECONTA.v1NATI01 SI,1*LATION

A. IntroJuction

The limited decontamination analog model was developed to explore the possi-

bilities a'-td determine the application of analog computers to decontamination

analysis. As such, this model does not provide realistic answerE to decontamina-

tion problems and only roughly simulates any real situation. Very gross treatment

of the details was used in order to simulate the main features of a single decon-

tamination operation on a small sized computer.

B. The Hardware Used

The limited analog model described in this section wa3 fitted to a basic

installation of the model 3400 Desk Top Donrer Analog Computer (Figure A-l). The

basic model 3400 computer contains ten amplifiers, usable as summers or integrators.

The Research Triangle Institute installation also includes a Donner Model 3430

Problem Board and a Donner Model 3073 Potentiometer Strip. The problem board

(shown in Figure A-2) is used to interconnect components for the solution of

particular problems and the potentiometers are used to adju-St constant and

paranmetric coefficients in the equations which describe particular problems. The

output from the analog model is graphed using an Offner Dynograph Amplifier-

Recorder Model 542. The recorder is also shown on rhe right in Figure A-1. A

more detailed description of the actual comp-3nents used n t1is model is con-

tained in section VI.

C. The Limited Decontamination Model

In the limited decontamination analog, each contaminated plane which con-

tribuItes to the intensity at a detector location is approximated by a point source

at the centroid of the contaminated plane.

Figure A-3 is a schematic '-howing the relationships between a single detector

and four contaminated planes.

A-7



Figure A-I

Model 3400 Desk Top Donner Analog
Computer Installation

•.-"6 0 fie

Figure A-2

A Close-up of the Problem Board

Set up to Analyze a Simple
Decontamination Operation
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CorttaminatcedS• - Plane # 1

-7 Contaminated

Shielding Plane # 2

r (contribute~ss

h Detector Location

4o 
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Contamnated 
Plane P3 in squarePiane 

A-4P4

CentSgoid of Fallout. 3
Z - 1M~ass for Contaminated

Plane P3~ Contaminated

Plane # 3

Figure A-3

Schematic Diagram of Simplified Decontamination Operations
with Four Contaminated Planes.

A-9



The contributions, Ci., to radiation intensity from ground level sources of

contamination are computed using Equation A-i.

ciA -s (A-1)
ri

th

where A, = the area in square feet of the i contaminated plane,

r = the diptance in feet from the centroid of the ith contaminated plane

to the de'ector, and

Si = the shielding factor associated with the ith contaminated plane.

Hera C. represents the fraction of the total intensity (received at the detector)
th

whi';h comes from the i plane. The shielding factor S. is a dimensionless number

which attenuates the contribution according to the shielding between the detector
th

and the i plane. (Note that 0 < S. 1< ).

The fraction of the total intensity received at the detector which comes from

the roof of the building in which the detector is centrally located is found by

Equation A-2

2
C = In (1 + r ) S (A-2)

r h Sr

where r = the radius of a circular roof, with an area equal to the area of the

actual roof over the detector,

h = the height of the roof above the detector, and

S = the shielding factor associated with the roof.
r

Equation A.-2 can also be used to determine the contribution to the intensity at an

unshielded detectcr (out-of-doors) from the plane directly below the detector.

Here S 1= and h is a height corresponding to the ground roughness factor.r

See page 743 of Reference A-7 for a derivation of Equation A-2.

See Reference A-5 for an explanation of how the ground roughness factor affects
the "effective" height of the detector.
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A r2
in the simplified model both -7. S and 11 in (1 + - ) S are treated as single

r h
constant inputs. Any variations ia these individual parameters can be simulated

by appropriately changing the capacitors which represent these aggregate variables

before running the model.
**

Decontamination is governed (for each individual plane) by Equation A-3.

F =F + (1 - F*) e i (A-3)
i i i

where Fi = the fraction of fallout remaining on the ith contaminated plane after

it has been decontaminated.

* .th
F. = the limiting fraction of fallout remaining on the i contaminated

plane after infinite decontamination.

K. = a constant associated with a given method and the physical nature of.
1

th
the i contaainated plane.

E. = the effort (usually measured in man-hours) which is applied to the
1

.th
i contaminated plane.

Here, both 1 - F and K. E. are treated as single variable inputs. Both of

these variables can be varied by changing settings of the potentiometer which

it assigned to the particular variable pirameter. This can be done while the

moadl is being run.

Table A-I is a summary of the equations used in the limited model of decon-

tamination.

While the model is being run, the individual contributions are smmed and

the radiation intensity at the detector is output as a function of time. The

total dose than an individual would receive at the detector location is also out-

put as a function of time. The dose is measured over the time interval from t1

to t 2 . This is simply given by

See Reference A-6 for a derivation of Equation A-3.

A-1!



0 for t < t

Total Dose = (x) x-1.2 dx for tI < t < t
t -1.2

t1f H(x) x dx for t > t2

H(t) denotes the value (represented by a voltage on the analog computer) associated

with the sum of the intensity contributions from the individual planes as a

function of time. For a system with a number of instantaneous decontamination

operations, H(t) will be a monotonically decreasing step function.
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TABLE A-I

System Equations fcr Simplified Model

1. Intensity contribution from the i'h ground level contaminated plane:

Ai
C S i where

ri

th
A, the areas in squitre feet of i contaminated plane.

ri = distance in feet from centroid of fallout on ith contaminated
plane to the detector location.

S= shielding factor associated i.th contaminated piane.

2. Intensity contribution from roof:

2

C = T1 n (I + ) S where
r h r

r = the radius of a circular roof of equal area.
h = height of roof (above detector).

S r= shielding factor associated with roof.

3. Decontamination efficiency:

F, Fi + (1 - Fi e-i i where

F = fraction of fallout remaining after decontaminating ith plane.

F. fraction of fallout which cannot be removed.

K. = constant associated with i th surface and the method useCd to
3 decontaminate it.

Ei = the amount of effort applied to decontaminate the ith contami-
nated plane. (Usually measured in man-hours of effort).

For the simplified model the following parts of the above equations were set to
single constant parameters;

1. K A. 2. Kr = T ln (I + r

2 i 2 h2 r

The following parts of the above equation were set to single variable parameters:

i * i . K
1. V1 =1 - Fv 2. V2
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IV. SAMPLE RUNS WITH PROTOTYPE MODEL

Several test runs ,ere made. Seven F these runs are included here to

illustrate the nature and format of the answers obtainable. The situation

simulated in all seven runs was the decontamination of a single contaminated

-1.2
plane. For simplicity, ao fallout build-up function was used. The t decay

curve was approximated ai the sum of two exponential decay curves (i.e.,
Lt-1. 2 -Kit e-Kt)

t - e 1 + e 2 ). A fuller discussion of this approximation is contained

in Chapter VI.

In all of these sample runs, no attempt was made to quantitatively scale

dose-rate and total dose. The time variable was also left arbitrary. Thus, two

inches of horizontai distance on the graph outputs might correspond to two weeks,

two hours, etc. The &ctual graph outputs from these seven runs are presented

as Figures A-4 through A-10. Time runs from right to left on these graphs. For

Figures A-4 through A-9, decontamination is assumed to take a small finite time.

Iu Figure A-10 decontauination is instantaneous.

Figure A-4 shows the effect of deconcaminating a single plan of contamination

where 90% of the fallout material has been removed. Figures A-5 and A-6 show

the effect of decontaminating the same plans of contamination where the decontami-

nation efforts expended are only 75% and 507o of the effort expended in the opera-

tion simulated by the run which produced Figure 4. (Still assuming the percent

of removahle fallout equals 90!1).

Fig-are A-7 shows the effect of decontaminating the same plane where only

50'X, of the fallout can be removed and a "full" effort (the same effort i. a-sumed

for Figure A-4) is expended. Figure A-8 shows the effect of decontaminuting

this plane where only 50% of "full" eWfort is ixpended.

For all of the Figures A,-4 t, hrough A-8, both total dose ,-nd dose-rate are

shown where total doqe begins to accumulate at time t and stops accumtlatinK at

time t 2 . Note that the vertical scale for total dose in Figures A-7 aind A-8 is

A-15
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exactly half of the scale used for total dose in Figures A-4, A-5, and A-6.

In Figure A-9, total dose begins to accumulate at ta where no build-up

function is assumed. The total dose continues to accumulate throughout the graph

on F•-ure A-9. Here, the horizontal scale for total dopj was again cuit to half of

thet used in Figure A-8. The same fraction of removable fallout and effort

expenJed are used in Figures A-8, A-9, and A-10.

Figure A-]O shows how the graphs would look if decontaminatiou took place

instantaneously. Otherwise Figure A-10 is the same as Figure A-9.
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PtAIl Do.ae (roeritgeffs)

Dose Rate (roentgens/hr.)

Figure A-4

Analog Record of Dose Rate and Total Dose as a Function of Time

for Case I

Legend

t M instantaneous time of arrival of fallout (no buildup).

td 0 time when decontamination begins.

(tl, t 2) - interval of time for which total dose is calculated.

Thus, 0

t

ft H(x)X 1 .2 dx tj t< t 2

Dose-

f:2H(X)X" 1.2 dx t > t2t1
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V4 k

t'=Dq-3e Rate (roentgens/hr.)

Figure A-5

Analog Record of Dose Rate and Total Dose as a Function of Time

for Case 11

Legend

t =time of arrival of fallout (rio buildup).
a

t d time when decontamination begins.

(1 1% t 2) intervel of time for which total dose is calculated.

Titus,

0 t < ti

(1 H(x)t 1.2 d, t~t

A- 18



Figure A-6

Analog Record of Pose Rate and Total Dose as a Function of Time

for Case III

Legen~d

t = time of arrival of fallout (no buildup).
a

td = time when decontamination begins.

(ti, t 2 ) intervdl time for which total dose is calculated.

Thus,
0 t <t

t

fH(x)x1.2 dx t1 < t < t2

Dose

- " dx t < t2

1,!



tt

ftee Rate (roentgeuaihr

Figure A-7

Analog Record of Dose Rate and Total Dose as a Function of Time

f or Case IV

Legend

t a= time of arrival of fallout (no buildup).

t d = time when decontamination begins.

(t1, t 2)= interval of time for which total dose is calculated.

Thus, 0 t< t1
tf l(x)x1 " dx ti

Dose= 1

fH(x)xl2 dx >t2

1

A- 20



'oseal Rase (roentgens)ht.)

ta

?t
S_. . td -

DoeRt•oentgensihr.).-

Figure A-8

Analog Record of Dose Rate and Total Dose as a Function of Time

for Case V

Legend

t = time of arrival of fallout (no buildup).a

td = time when decontamination begins.

(tl, t 2 ) = interval of time for which total dose is calculated.

Thus, 0 t < t1

t

S1H(x)x12 dx tI < t < t2

Dose t 21

SH(x)x"1 2 dx t > t2

1
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*,-Ttal Dose (roentgens)__ ..a

t

Figure A-9

Analog Record of Dose Rate and Total Dose as a Function of Time

for Case VI

Legend

t = time of arrival of fallout (no buildup).a

td = time when decontamination begins.

Total dose is calculated from t to any time ta

Thus,

0 t<t

Dose =
t

fH(x)x'l12 ta < t <

a
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T otil DoSe (r&entgens)

Figure A-10

Analog Record of Dose Rate and Total Dose as a Function of Time

for Case VII

Legend

t a= time of arrival of fallout (no buildup).

t d =time when decontamination begins.

Total dcse is calculated from t ato any time t

Thus,

0 t < ta

Dose t

ftH(X -12dx 
Lt < t <

aa
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V. AN ELABORATE MODEL

Although quite adequate to demonstrate feasibility, the limited analog

model described in Section III is not suitable for complex decontamination prob-

lems. A more elaborate model with less aggregation of variables Lind a capacity

for handling a larger number of contaminated planes is necessary. The basic

system equations, however, remain the same for the larger analog model described

in this section.

As in the model already implemented and described in Section III, decontami-

nation is measured by a "graph" of dose-rate (radiation intensity) at some detector

location of interest. Total dose is measured for selected time intervals at the

same point. Complex buildup functions can be used to simulate the initial stages

of fallout arrival. The number of contaminated planes which can be considered for

a given detector, as well as the number of detector locations, is in theory,

unlimited. A practical limit on the numbers of analog components would limit the

number of contaminated planes to 20 and the number of detector locations to three.

By appropriately using relays and switching cizcuits, the total dose received by

a person changing environments instantaneously (such as moving from indoorc to

outdoors) could be simulated.

All functions (log, t- , etc.) can be quite accurately simulated by using

suitably adapted function generators. This will improve the precision of the

simulation.

Furthermore, a quick-response capability could be included to serve as an

analysis and training tool. This i6 accomplished by using manual over-rides

which permit the operator to apply decontamination efforts on the basis o. graphs

which portray previous decontamination efforts during the same run.

A technical description and flow diagram of the more elaborate model is

included in Chapter VI.
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VI. A TECHNICAL DESCRIPTION OF THE ANALOG DECONTAMINATION MODELS

A. Calculations to be Performed

The calculations to be performed by the computer are expressed in Equations

A-5 and A-6:

n Ai S -(t tli)1.2
Rlt)= U (t -t ) e tl 2 ]-uIi- CEi Cmi

+ IC ln + Q 2] S t-1. 2

2) s (A-5)

t 2

D(t) f R(t)dt f v(t; tl,t 2 ) R(t)dt (A-6)

L1: 0

where the symbols are defined as follows:

R(t) = dose rate in roentgens per hour,

D(t) = dose (normalized units) in roentgens,

n = numdber of contaminated planes considered,

A. = area of ith contaminated plane in square feet,

th
r. = distance from detector to centroid of i contaminated plane in feet,

S. = shielding factor for ith location (C < Si < 1),

.th
K. = constant for i contaminated plane and a particular decontamination

2 method, .

E. = effort applied to ith coataminated plane in man hours/lO00 sq ft,

C = effort coefficient - I - eK i Ei,CE

C = fraction of removable mass for ith contaminated plane,
m.

1

Ti = decontamination time constant,

P effective radius of surrounding contaminated plane (roof or detector

surface),

h U effective height of surrounding contaminated plane (roof or detector

surface),

- shielding factor for surrounding contaminated plane (roof or detector

s surface),

A--



tlt2 t integration limits for dose D(t).

The function I,(t-t 1 i) is a unit step function whic.h has the values:

u(t-t ) 0 t < ti

iiSI tli _<S t < 0

The functioi v(t!;tl, t 2 ) has the values:

v(t,tl,t 2) = 0 < t < t

1 1 tl:L< t 2

= 2 t2_<t <0

A functional diagram showing the calcilations to be performed is shown in Figure

A-Il. Only one of the n identical channels (each channel corresponding to a

single contaminated plane) is shown. For n areas, the calculations represented

within the dotted outline will be repeated n times,

B. Range of Constants, Parameterc, and Variables

The units of the various quantities and the expected ranges of these quantitic

are listed below:

SYMBOL UNITS RANGE

R(t) r/hr

t hrs Z4-336 (t. 00)

n dimensionless 1-10

A ft 2  100-I00,uOO

r ft 10-500

S dimensionless 0-I

C- dimensionless 0-1
L

K ft 2,man-hour .1-5
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SYMOL UNITS RANGE

E man hrs/1000 ft 2  .01-1

C dimensionless 0-1

m

T hr 1  10-0.1

t hr 10-1000
ii

p ft 10-200

h ft 1-100

S dimensionless 0-1s

t2 hr 10-1000

t hr 10-1000

D(t) roentgens -

For computational purposes the dose rate R(t) and dose D(t) are measured in

normalized un5.ts. To convert to roentgens per hour or roentgens, one point on the

dose rate curve musL be hand calculated, and the proper scale factor determined.

C. Computer Scaling

1. Choice of Time Scale

The time range of major interest is from 24 to 336 hours. For convenience,

the computer t." scale, t , may be chosen so that one hour of real time,c

t_, correspond, to .5 second of computer time. Time zero on tl-e computer

will correspond to Uime 24 hours in real time. Thus:

tc .l (t - 24) seconds, (A-6)

where t c computer tim,. in seconds, andc

t = real time in hours.

2. Dose Rate Scale

At t r 24 hrr, the dose rate R(t) will be assi! ,ed the value 100 in

arbitrary units. The computer scale factor for R(t) will be taken as 1

volt/unit. To convert from arbitrary units to roentgens per hour, the scale
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factor is determined by hand calculation of the dose rate at t = 24 hrs.* r

The dose D(t) will be scaled at .01 volt per arbitrary unit to

prevent the integrator from overloading with long integration times.

3. Coefficient Scaling

For adjusting values of the various parameters that remai.n constant

d:uring a particular computer run, the computer potentiometers will be used.

In order to simplify the equipment requirements, it is convenient to group

certain parameters int- -imensionless ratios where possible. These parameter

groups will tV be set into the computer as potentiometer settings. Addi-

tional coefficients are defined as follows:

Ai
C =- range .01 - 10
r. 2
1 ri

C = 7itn 1 + range 0 - 20
s h

For potentiometers with dial divisions from 0 to 100, the following scale

factors are assigned to the parameters that are to be set on potentiometer

dials:

Coefficient Range Sc'ie Factor

(units per dial Jivision)

C .01-10 .1
ri

C 0-20 .2S

CE 0-1 .01Ci

C 0-1 .01
m

i

Si 0-1 .01

S 0-1 .01
s
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It should be noted that with additional equipment complexity, each value SUCLI

as riN AV etc. may be entered separately as a dial setting, and the necessary

multiplications and divisions accomplished by the computer.

4. Dynamic Range Reguirements

In some cases, it would be desirable to simulate a time period longer

than 15 days. In increasing the time period of a bingle computer run, diffi-

culties may be encountered because of tie small signal levels that will be
-1.2

present. For example, the function t decreases by a factor of approxi-

mately 100 between 24 hours and 1100 hours. If the computer output were

initially set at 100 volts, the output at 1100 hours (550 seconds computer

time) would be approximately 1 volt if no decontamination had taken place.

This level is not too small; however, the signal level from each of the i

channels must be considerably less than ! volt (with 10 channels giving equal

contributions, the signal level would be .1 volt). On certain ccoputers,

the noise level prevents accurate operation at these low voltage levels.

In order to avoid the inaccuracies inherent in using low signal levels,

the best approach would appear to be to break the problem into time periods

of interest. If the period of interest were from 10 to 20 days, the computer

time would be scaled such that the problem starts at t = 240 hr& instead ofr

24 as discussed previously.

D. Computer Diagram

A computer diagram to perform the necessary calculations is shown in Figure

A-13 where the symbols are defined in Figure A-12. A function generator generates

-1.2a voltage proportional to t . This voltage is adjusted to a value analogous to

tht. contribution of each of the contaminated planes by the potentiometers C., S,
1i

Cs, and Ss. The voltages analogous to the radiation received from each area are

surzmed in a summing amplifier, and the resultant voltage is recorded on a strip

chart -:ecorder.
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a 8ymbol Name Operation

e e
-- Coefficient e Y el (0 <K < 1)

eI

o Summer e° = x e + y e2

e
0 Integrator e =f
e 0

e e
0 High Gain Amplifier e k e k > 106

Relay e° e! energized

S= 0 unenergized

e e
"" ( 0 Function Generator e - F T•i)

Figure A-12

Table of Flow Chart Symbols and Operations
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To simulate decontamination of a given area, the relay Ry Ai is closed. A
-t/•i

time lag of the form e i is introduced by operational amplifier #7, and the

original voltage is reduced by the proper amount by subtraction in amplifier #1.

The amount of voltage subtracted depends upon the effort coefficient and the per-

cent of removable material as set on the potentiometers CE iand Cm

To calculate the dose from the dose rate, an integrator is energized by relay

Ry B. This relay remains closed for a time period t 2 - tI, as set on the sequencing

function generator.

Note that the computer diagram shows only one of n identical setups that

must be patched into the computer.

E. Function Generators

-1.2
To simulate a function varying with time as t , several methods are avail-

able. A conventional diode function generator with a linear time function input

may be used. Another method is to use an x-y plotter as a function generator,

supplying a linear time function as a drive for the x axis, and reading out a

voltage proportional to t"1.2 on the y axis by means of a curve following probe.

The simplest technique, however, appears to be that of approximating the t"1.2

function by a sum of exponentially decaying functions. For example, with three
-1.2

exponentials, the t curve may be fitted by the sum at six points on the curve.

The exponential functions are generated very easily on the analog computer by

setting up an initial charge on a capacitor, and discharging the capacitor slowly

through a resistor. Figure A-14 shows the approximation of the t"1.2 function

in the range 24-350 hrs by the sum of two exponentials as follows:

-1.2 1I[ -. 0313(t-24) - 00375(t-24)]-1. i - i86 e + .14 e

The computer diagram for accomplishing this approximation would appear as shown

in Figure A-15 (.5 sec computer time = I hr real time).
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Figure A-14 -1.2
Approximation of the Function of the Form t by Two Exponentials
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I 1 ~f 16 meg

Indicates Initial
Capacitor Voltage

-5For 24 < t < 350 hrs

Figure A-15

Approximation of t"1.2 Function

The functions u (t-ti) and v (t, ti, t 2 ) are generated by a sequencing device

which may be a seL of motor driven cams. Switches are closed by the cams at the

desired time, and the proper relays are closed as sb1own in Figure A-12. Provision

must be made for convenient adjustment of the times ti, t and t 0
1 2

driven cams, n+l cams will be required.

F. Equipment Requirements

To set up a situation with 10 contaminated areas, the following analog equip-

ment will be required:

Quantf.ty It -n

34 Operatiot,al Amplifiers

52 Dial Setting Potentiometers

(1) Function Generator t' 1.2

or (3) Operational Amplifiers (for

approximation of t"1.2 function)
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Quantity Item

11 Relays

Sequence Function Generator
(11 Channel)

1 Dual Channel Recorder

A 40 amplifier analog computer should be sufficient for the 10 area simulation.

The sequence function generator may be construced in the laboratory if a suitable

type cannot be purchased. To buy this equipment would cost about $40,000. Total

rental costs (including set-up costs) would be under $1,000 for a one year period.
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VII. CONCLUSIONS AND RECOMMENDATIONS

A. Conclusions

The basic conclusion of this study is that the analog computer provides a

potentially useful and quite feasible tool for simulating and analyzing decontami-

nation operations.

The development and implementation of this first analog model of decontaminia-

tion has pinpointed the areas of difficulty and the direction in which further work

appears most promising. The most difficult problem encountered was accurately

approximating the t"1.2 decay rate. This problem is considered in detail in

Chapter VI; since a high-accuracy analytic function generator would be very costly

(about $1000), some form of approximation involving the sum of exponential functions

of the form K1 e-K2t is a practical compromise solution.

Even though a number of the problems associated with the simple model using

only one plane of contamination were a result of complex scaling necessary to keep

the range of variables within machine limits, future models, to be useful, must

include even more detail and so must use even more equipment. Thus, scaling will

become an increasingly difficult problem.

B. Future Work

Any future work must be undertaken in the lighZ of the major difficulty found

in using the limited a-.alog model--the large amount of equipment required for an

adequate simulation. Nonetheless it is recotmnended that two major directions be

explored:

. The development of a larger more detailed simulation, but still with

simplified aggregation of variables where possible, mnd

2. The development of a quick response capability to serve as a ready

analysis and training tool.
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Appendix B

A Circular Nodel for ARoroximating Uamma gay

Intensity at a Ditector Location

Note: The material in this Appendix wai orginally submitted to USNRDL
as Research Memorandum RM-OU-214-3*.

W. R. Davis, M. K. Moss, and A. J. Benjami". A Citrunr Model for &Dgryoo
matinGGaM Ray Lntensity j&.-j G&vn Dtectuor Io r&on. RM-OU-214-3.
Durham, North Carolina: Research Triangle Institute, Oporations Ke.,A•h
and Econoumics Division, 30 April 1965.
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GLOSSARY OF TERMS

A = Intercept value used in the analytical approximation of
L (X,w) functions.

d Vertical height of the detector above the source plane.

D 0 Total detector response at a standard reference position.0

D k Gamma dose rate received at a detector from the kth annularregion.

th

Dkj Gamma dose rate received at a detector from thn j annular
sector of the kth annulus.

D/D 0 Dose reduction factor.0

hkj Height of contaminated annulus above the ground or reference
plane.

L (X) = Total detector response for infinite plane isotropic source.

L (X,w) f Generalized expression for the geometry factor.

Lc (Xw) i Geometry factor describing detector response due to circular
plane sources of fallout radiation.

th
Mj Fractional area of the k annular region covered by thecontaminated jth annular sector.

Pk f Total number of sectors in the kth annulus.

S - Slope value used in the analytical approximation of L (Xw)

fun#.tions.

w * Solid angle fraction.

X - Effeccive mass thickness.

Z k Height of kth annular region above the detector.
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A Circular Model for Approximating Gamma Ray
Intensity at a Detector Location

1. INTRODUCTION

The purpose of this appendix is to show the initial results of recent studies

directed toward the development of rather simple and practical procedures for

determining the gamma ray intensity at a point due to nuclear weapon induced

fallout. The consensus of those involved in this research effort was that if

such en approach proved feasible, it would result in a considerable reduction

in both labor and computer costs for those cases where apprZ-.`mate results are

considered adequate. In addition, the development of such an analytical tool

would be of considerable value in simplifying those tasks associated with the

ensuing analysis of decontamination effectiveness in municipal areas. This

research is a first step in the development of several alternative approaches to

a model for field analysis of fallout decontamination effectiveness.

In an effort to assure a reasonable degree of accuracy in the analytical model

presented in the following discussions, such pertinent factors as gamma ray attenu-

ation, build-up, backscatter, and skyshine, are incorporated. Another basic

premise closely adhered to in connection with the development of this model is

that it be built around the familiar results contained in NBS Monograph 42

(Reference B-I).

The general notational scheme presented here, together with selected elementary

geometric considerations and the information contained in Reference B-I, provides

the basis for what, is called a "circular model". This model is utilized to furnish

values of the so-callel "reduction factor," D/D0, due to various Flanes of con-

tamination at different heights with or without the inclusion of barrier shielding.
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In particular, these planes of contamination are divided into annular sectors wit,.

the detector located in each instance at the origin of the polar coordinate system.

The approach taken in describing this circular model is that of developing

initially the detector response for the single contaminated annulus case (Section

II) following with increasingly more complex annular geometries (Section III) and

terminating with a brief discussion on barrier sheilding considerations (Section IV).

Each of the annular geometric configurations utilized in the analyt'cal

development of the model required the extensive use of the L (X) and the L(X,W)

functions developed in Reference B-I. It was found during, the course of the

investigation that the L (X,w) functions could be approximaited over their range

of greatest utility by simple analytical expressions (Section VI). In turn, such

expressions can be quickly and easily evaluated with the aid of a desk calculator

and standard mathematical tables, or efficiently stored in a computer memory without

the necessity of lengthy subroutines.

The procedure for treating attenuation through barriers makes effective use

of the L (X) function and the Lc (X,w) geometry factor, through judicious choices

and combinations. It should be noted that considerable refinement of these

procedures and associated calculations may be necessary for situations near the

detector location at the origin of the coordinate system.
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II. SINGLE ANNULUS MODEL

The sirngle annulus is chosen initially since it will permit the development

of the basic premises from which more complex geometries can later be described.

A. Comvleta 'Uniformlv Contaminated Annuluys

In order to e-prrdb the detector response for the case of a single uniformly

contaminated annulus (Eee Figure B-1), it is necessary to first define the solid

angle tractions 'ka and w (k+l)a subtended at the detector by the contaminated

annulus.

I. Solid Angle Expressions

From Figure B-I we define first the solid angle fraction u*ka

subtended by angle ala as

"Cka a 1 cos ka , (See Section V for enrivation of solid

angle expressions) (L-1-)

where

cos C a _____2_d_+ d(2-2)i~a ka)2 2

Similarly,

l= I - cos a (k+l)a (B-3)

wheze

Cos Oi (kilja (B-4)

( ' (k+l)-2 a 2 + d2
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2. Detector Response

The detector response for the single annulus can be computed by

approrriate differencing of the geometry factor L c(X,w) (see Figure B-2

and Section VI)for the values of , ýa and w(k+l)a" This differencing can be

illustrated in terms of the detector response fo-: the uniformly contaminated

annulus in Figure B-1 as follows:

DO
Dk L (X L Xwkla MW X ti I(B- 5)

where D0 is the detector response at a standard reference position*, and

Dk is the response due to the kth annulus. The function L (X) is graphed

in Reference B-1.

It should be noted that all distanc,.s d from the detector to the

contaminated plane of interest may be einpressed in terms of effective mass

thickness (X) for the medium between the source and detector. For the case

of air (at 20 0 C, 76 cm H&) as this medium, the following relationship may be

written (see p. 19, Reference B-1):

d/X- 13.3 Ft. of air/psf. (B-6)

1he interchangeability of d and X as the penetration variable in thesa

analyticsl expressions is permesst.ble with the use of the conversion factor

indicated in Equation B-6.

B. Sigl ASoi Car aee

The awinular sector shown in Figiare 0-i represente a fraction

2W

D is defined hcro " the detector reeponae at at unprotected position in on infinit#
homoaneo.ue air sodiu located three feet above a hypothetical inatnit. pVance source.
This source i# considered to be tf the sam* character "a the radiation fallout
oifbruly distributed on the contamination plane(s) being investigated.
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of the total annulus. Consequently, the detector response due to the jth annular

sector in the kth annulus is simply

M 1L (X) c (x'w(k+l)a-Lc ((B-8)
01

C. dultile Annular Sectors

For the case of N annular sectors comprising all the contaminated areas

of the kth annulus, the detector response is given as follows:

j NjN
D k D Ju

D kj H L (X) Lc (k+l)a Lc (X'wka) (B-9)

"0 0 Jul

where M (see Section li-B) represents that fraction of the annulus covered by the

uniformly contaminated Jth annular sector.
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SIII. MULTIPLE ANNULAR REGION MODEL

The following discussion outlines the expansion of the previously developed

concepts foi a single uniformly contaminated annulus to that of the more frequently

encountered multiple annular region case.

The notation utilized in developing mathematical expressions for this model

will relate to the physical description shown in Figure B-3. The use of the

subscript, j , which refers to the (here) nonexistent annular sectors, is not

required, but is retained for consistency in notation.

A. A Set of Uniformly Contaminate-' Annular Regions

I. Detector Reseonse.

First it i3 necessary to determine the detector response due to the

kth annular region. This quantity is given by the expression

~Do
A ~L (X) [L (zl~nKl L (z

L(d-h kj d-h k

Lc
- '(kd)"a 4s (d- 9 hk )

( C d-h kj 2 dk-h 1i L (X) .(B-lu)

a k is the height of the k annular region above the detect.or.
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Figure B-3

Multiple Annular Regions .•oifigurat'.n Shoving
Uniformly Contaminated PAgiona of Arbitrary Height
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2. Contaminated Regions of Arbitrary Height

With the kth annular region detector response defined, we next explore

a condition which has considerable practical usage when attempting to deter-

mine detector response in urban areas where radioactive fallout can be

considered uniformly distributed. It Is desired to compute the detector

response to N annular uniformly contaminated regions of arbitrary height.

The detector response from a set of such annular regions is given by

kv-N k=Nr
D Dk dhk dh.d.h

DD jL ka h 2 )2)
Do 0 o k L (K+I)2 a2 + (d-h (k+l )j

-L c - kd-h ki L (X) .(B-11)

Here it is assumed that each annular region is not effectively "shadow"

shielded by another. A more generalized analysis concerning mutual shielding

and barrier attenuation will be given in Section IV.

As a means of illustrating the summing of the detector responses

associated with equivalent and unifozmly contaminated annular planes of

different hkj values, the following example is included.

From the information provided in Figure B-4, an expression for the total

detector response can be written as follows:

B-Il
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Figure B-4

Detector Reaponse Due to Uniforuly Contaminated
Planes vith Different hjk Values
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k=3
D 1 Dk D1 (d-hl) D2 (d-h 2 ) D3 (d-h 3 )D_ = k = - 11+ 22 + B 2

Do Do D (h1+ 3) D 2(h2 + 3) D3(h3+3)

where D = D 0D - D01 02 03 0

B. Ecuivalent and Uniformly Contaminated Annular Sectors for a Set of Annular
Re-Rions.

*th
The detector response which is attributed to the j annular sector of the

kth annular region may be defined by

D -ki- M. L (X) L....___ ______

DiL (kl d2k. ah a2 + (d-hk )2)

-L ( d-h kj d-h ki 2) 1 B3
(ka) 2 + (d-hkj) 2  (B-l3)

where M is again the fractional area of the kth annular region covered by the

contaminated jth annular sector.

It is then apparent that the detector response !k of the kthD oftek annulus is
D 0

found by summing the expressions as follows where we let Pk be the total
Do

number of sectors in the k annulus:

D [D ki (k1)
D - DO Y M. L (X) L (d-h L (d-h

o(B-14)



By knowing the detector response for the k annulus, it is now possible to

express the detector response for any number of such annular regionJ by

DD E aD: - DOj
0k D 0 k i-I

j L (X) L Lc (d-h kj, O(k+lia)- L c (d-d hk, ia)l (B-t5)
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IV. BARRIER ATTENUATION

One of the most common situations encountered in the analysis of contaminated

regions located in core areas of large municipalities is the frequent occurrence

of physical barriers between the detector and a contaminated plane of interest.

As an example of a rather simplified approach to the barrier problem, we will

consider here the case of two annular sectors of separate annular regions. The

heights of the respective annular sectors are assumed to be such that one is

completely shielded by the other. This particular case is illustrated in Figures

B-5 and B-6.

The gamma radiation dose at the detector from a shielded contaminated

annula& sector is essentially due to: (1) direct gamma radiation passing through

the barrier; and (2) scattered gamma radiation transported by various interaction

processes in air to the detector location. Here for simplicity the actual radiation

dose from a shielded contaminated annular sector will be approximated by

(see Figures B-6 and B-7)

Dr1
DU . M L (X) M (X (+)) " L (X, Wk)DJ (B-16)

where X is the effective distance through the barrier. This approximation will

not be found to properly treat the scattered radiation contribution to the detector.

The functions L (X), L (dc,), and L (X,w) limit the detector response to ac C

circular area of ,,ntform gamma radiation intensity whose center is on the perpen-

dicular from the detector to the plie anM separated by either a thickness of air d

or barrier thickness X (see kigure 8-7). A numerical example of these considera-

tions is given in Section VII.
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Figure B-5

Two Annular Sectors of Separate Annular Regions -

One Sector Shielded From the Detector

*(1

Figure B-6

Detector Response From a Shielded Sector
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V. DER7VATION OF SOLID ANGLE FRACTION EXPKESSION

The purpose of introducing the concept of solid angle in this memorandum is

due primarily to the fact that the chosen direction for viewing the geometrical

configurations associated with the circular model is not limited to that of a

plane. As a result the more generalized notion of angle, i.e., solid angle, is

utilized in a somewhat modified manner.

One of the most common means of envisioning a solid angle is to draw a cone

frow a point as the apex. Then the ratio of the area intercepted by that cone on

any sphere centered at the apex to the square of the radius of the sphere is a

measure of the solid angle 11 subtended by the cone. When measured in this

manner the unit of solid angle is called the steradian. Since the total area of

a spherical surface is 4kR 2, the solid angle subtended by any surface which

completely surrounds a point cannot exceed 41T steradians. It is then also

apparent that the maximum solid angle subtended on one side of a plane surface

is 2v steradians. On the basis of this premise, the unit of angular measurement

w adopted in this memorandum was chosen to be 2v steradians. This unit is

consistent with that found in Reference B-I, where u is designated as the "solid

j angle fraction" in an effort to avoid confusion in angular terminology.

By using the parameters indicated in Figure B-8, the derivation of the basic

solid angle friction expressiou found in Section 1I-A-I ci this appendix can be

obtained.

"With the geometry defined as illustrated above, an expresbion for the area

intercepted on the spherical surface can be vritten as

SsI- 19
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Solid Angle Geometry
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A a 2 v (R sin a) R du = -2 R2 cos a

S2nR (1 - cos Oka) (B-17)

From the basic definition of a solid angle, the following relationship

is obtained.

sm - A A 2v (1- cos ) a(B-18)

R'

Since our unit of solid angle is 2v steradians, Equation B-18 must

be rewrittcn in the following manner:

f-ka 1-cos ka = (B-19)

where J~ka is the so-called "solid angle fraction."
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VI. APPROXIMATE ANALYTICAL FIT FOR L (X,w) FUNCTION

It was discovered during t'he course of developing the circular model that an

analytical fit over a rather extensive range of values for the L (X,w) curve
C

found on page 41 of Reference B-i is possible by employing an expression of the

general form:

D/DO = L (X,•e) w e (B-20)

The parameter S is obtained from the previously referenced curves by

applying the following familiar analytical relationship.

in L (X,wo) - ln L (Xwl)
S= . (B-2I)Sin w 2 l n w 1

The parameter A is then calculated by solving Equation B-20 for A as

follows:
SA = In L (A.m) - S In m(-2A nL X u)Snn(B=22)

X

The best analytical fit for the L (X,w) curve was achieved by obtain-

ing the L (X,w) values given on page 41 of Reference B-I corresponding to

W 1 and w2 values of 0.05 and 0.2 respectively and solving for the intercept

at w - 0.2 for each X value selected. The numerical results of these

c.alculations are presented in Tablc B-I, and the resultant curve is available

as Figure B-2 in this appendix.

It is apparent when comparing the L (X,,.u) curves developed here with those

api~earing in Reference B-1 that the accuracy of the L (X,w) values obtained irom

Equation B-20 deteriorate rapidly due to the lack of convergence an uL>--O. This

is particularly true for those values of a > 0.3 and w > 0.5 associated with the

L (X, ) function. It should also b.. note4 that there are no restrictions associated

with this model that woulO prohibit the exclusive use of exact values L (X,) as

B-23
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TABLE B-I

Calculated Values of S and A for Selected
Effective Mass Thickness Values

L (X,w)

x S A

2,26 1,115 -0.39§

7.53 1.137 -0.0531

22.6 1.042 -0.002655

75.3 0,916 +0.09726
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VII. EXAMPLE

In an effort to demonstrate the type of situations best handled by the

circular model, and at the same time effectively summarize the analytical

methods presented in this appendix, the follcwing example is included.

The problem is that of determining the cetector response (reduction factor)

due to the contaminated annular sectors (A, ', C) in Figure B-9. For the

purpose of illustration, an Mj value of 0.2 has been arbitrarily selected for

each of the three planes of contamination to be invebcigated.

Contaminated Sector A:

First we define the solid angle fraction"k subtended by ingle czk bj

wk = 1 - cos ,ý (B-23)

where

cos xk= d = 100 0.893 (B-24)

(k2 +d2 •(50)2 + (100)2

Therefore, wk = 0.107.

We can now convert the distance in air from the source plane into an

effective mass thickness value by employing the conversion factor provided

in Equation B-6 as follows:

X -. _ 00 Ft. 7.53 psf (B-25)
13.3 Ft. of air/psf

The detector response for this case is given by the expression

DA/Do- M* L (X) [Lc (X, . (B-26)
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d - 16,O Ft.

hk m 70 Ft.

k - 50 Ft. (

k2 a 60 Ft.

k 2 a 80 Ft.

kk

//

k -/

Ol k , .. ..L

Figure B-9

Example Illustration
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By substituting the values of M., X, and wk into the previous expression

we obtain

DA/Do - 0.2 L (7.53) ILc (7.53, 0. 107)] (D-27)

Obtaining the L (X,w) value from Figure B-2, the detector response isC

found to be

DA/Do = 0.2 (0.375) (0.054) = 0.00405 (B-28)

Contaminated Sector B:

th
The expression for the detector response from the j annular sector

of the kth contaminated annulus is derived in Section III and appears below

in only a slightly modified form.

D B/Do = M iL (X) LI -h 1-d-h k[ L~~h( (k1,
S)2 + (dh)2

-L~ ~ 1 dh

(k)2 + (d-hk) 2

In this case the effective mass thickness for air is

d- h

X . 1h.-F. o z 2.26 psf (B-3O)
13.3 Ft. of
air psf

With the X value and the information provided in Figure B-9, we can

proceed to find the detector reiponse in the following manner:

B 27



DB/o 0.2 L (2.26) L (2. 26, -j- -. 3O2

L~ (2.26, 1 - 1

c ;(50) (30)2

0.2 L (2.26) [ Lc (2.26, 0.554) - Lc (2.26, 0.487) (B-31)

Here the L (X) and L (X,w) values are obtained from page 33 and page 41 respectively

of Reference B-i, since the w values in this case approach the limits of accuracy

for the approximation method described in Chapter VI. Finally,

DB/Do = 0.2 (0.57) (0.045) = 0.00513 (B-32)

Contaminated Sector C:

In finding the detector response for Sector C, a barrier is encountered

between the detector and the contaminated plane being investigated. From the

discussion given in Section IV, we can express the detector response for this

barrier case as foiLu's:

Dc/DI 0 Mj L (X) [ Lc (X, OWk2 ) Lc (X, W•k I)] (B-33)

The values for wkl and "k2 are found by

•klm I -Cos t•kl - 10G"iO 0.142. (B-34)

and

U•k2 C Cos '\2 " -._100 0.21)0 (8-35)
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L'The X value chosen for the barrier is 75.3, which is equivalent to 0.523 feet

of concrete. By substitution of these values into the Dc /D 0 expression, we

obtain

D D0- 0.2 L (75.3) [ L c(75.3, 0.22) - L c(75.3, 0.142)] . (B-36)

By using the values for L c(X,w) in Figure B-2, the detector response for Plane

C is:

D D0- (0.2) (0.038) [0.453 - 0.285] 0.00128 .(B- 37)
LI

Despite certain limitations inherent in the circular model presented here,

the methods described can p~roduce simple and practical approximate solutions to

many types of problems requiring Ikialedge of gamma ray intensity, due to

weapon-induced fallou.t, at a single detector location.
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VIII. SUMMARY AND CONCLUSIONS

From the information provided in the previous sections, it is apparent that

the circular model is somewhat restricted in application. The principal limitation

is that circular or annular planes of contamination are a poor approximation to

most real situations. However, it may be possible in many cases to reduce nou-

circular geometries of interest to circular regions of equal area. Of course,

such an innovation must be approached with caution since for certain configurations

the error introduced in the detector response due to radical changes in the

original geometry may be quite significant. (Of course, the "Engineering Manual"

azimuthal sector approach makes these approximations.) It is noted, however, that

this appendix repvesents but oie of a series of different approaches to the over-

all problem of quick and efficient approximations to the gamma ray intensities due

to fallout radiation. Other approaches will not have the particular limitations

noted here.
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Appendix C

A Square-Grid Model for A2proxi-.ating Gazma
&%v Intensity at a Sinsle Detector Location
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GLOSSARY OF SYMBOLS

1. a Width of unit annulus.

2. A Intercept value of approxinmvte L(X,w) functions.

3. D/D Dose reduction factor (D !D is the dose reduction factor for0th no
the n annular region).

4. e The horizontal eccentricity ratio y /xj.

5. •. The vertical eccentricity ratio Iz/xi.
6. hij Height of jth square in i annulus above the base reference plane.

7. L(X) Total detector response for infinite plane isotropic source.

8. L(X,A) Geometry factor.

9. L (X-0) The reduction in response which occurs if an isotropic detector

is replaced by a detector respoi.ding only to gamma rays incident

within a particular cone of directions.

10. L c(XcA) The ratio of the detector response due to a concentric circular

area to the response due to fallout on an entire (infinite) plane

area.

11. qj (i = 1, 2, 3, 4) quadrant factor =

+ I if corner i is in quadrant 1 or 3
- 1 if corner is in quadrant 2 or 4.

12. s Slope of approximate L(X,w) functions.

13. (ei,ln) Partial solid angle fraction.

14. X Mass thickness of barrier (or attenuation distance).

15. z Perpendicular distance from detector to plane containing the

plane of contamination under analysis.

16. wa0or w Solid angle fractions.

17, A, Solid angle fraction subtended by square annular region.

16. x1 ,yi (i-1,2,3,4) The coordinates of the 6ur corners of the square.
th t

19. X wyij The coordin4tes of the center of the j square in the ith

anrulus.
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A._,qg are-Grid Model for Approximating Gamma
Ray Intensity at a Single Detector Location

I. INTRODUCTION

A. Purpose

This appendix describes the development of a simple and practical procedure

for estimating fallout gamma ray intensity at a detector as a function of the

geometry of the contributing planes of contamination and related shielding. The

need for such a procedure arises from requirements for analyses of large municipal

areas with many contaminated planes and detector locations scattered throughout the

area. Conceptually, the "circular-model" procedure described in Appendix B is

simple to use, but accuracy suffers when the contaminated planes and barriers do

not have approximately polar symmetry about the detector location. A square-grid

model can accurately approximate real situations more easily sir.:e most planes of

contamination (and most buildings) are rectangular. Further, the square-grid

model can be applied easily to an arbitrary detector location with the use of

scaled map overlays.

B. Some Analysis Considerations

A problem encountered during the development of the square-grid model was

the increased difficulty in computing the solid angles subtended at the detector

by the square areas Adjunct to this problem is the subsequent determination of

the radiation at a given detector location using Spencer's L-functions (Reference

C-I). A simple sector-type weighting as was used in the circular model is not

possible with the square-grid model.

The solid angles subtended at a given detector location by a square area can

be computed rigorously. For example, the solid angle w subtended by any square
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can be computed (Reference C-i) by the equation

O • [qlr(C1,II) 1 q2 (22 ,,1 2 ) 4 q3 7(• 3 ,1 3 ) - q4r ( 4 ,g04 )] (C-1)

where.

qi a +1 if corner i is in quadrant 1 or 3
1-1 if corner i is in quadrant 2 or 4

(xiyi) d coordinates of corner i,

Ii " lyi1 / jxl ,

"i " IZI / 1xl ,

z M perpendicular distance from the detector to the plane
containing the plane of contamination under analysis,
and directly above the origin, and

T(rEi, solid angle of a rectangle with height z and corners at
(xiy 1 ), (-xiy 1 ), (-x,'-y1 ), (xi,'Yi).

A full discussion of Equation C-1 and the variables involved is given in Reference

C-1. Unfortunately, when computing the solid angles for the situations considered

in this appendix, it was founa that the T(C,J) curves of Reference C-l were not

sufficient for computing the solid angle w. This is because differences must be

taken between numbers of approximately the same magnltude. The 1(e,n)functioas

thus were computed from the analytic expression

"r(t,,) - tanl (C-2)
- 2 ___2 ___

( II + +I/-2

C. he ModleI

The general program which wasi followed for the development of a model Lor

approximating fallout gamma ray intensities at a detector is now described. The
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model is primarily aimed at the approximate estimation, in the field, of decontamina-

tion effectiveness. High speed computer programs are not practical in these

circumstances. Of course, building and area characteristics must be known

approximately. A general discussion of the model and the information required

for its application is presented next.

1. GenAeal &_thod

The over-all approach to the square-grid model for studying the

effects of deconLamination of fallout radiation is based on the following

criteria:

(a) The techniques must enable local civil defense personnel in

the field to calculate the effects of large-scale decontamination of

municipal areas;

(b) The approximate techniques and procedures must not require

computers; i.e., graphical and tabular forms should be applicable.

As noted in Section II, the square-grid model is used to estimate

the reduction factor D/D for the various planes of fallcut contamination -

each at differing heights. The planes of contamination are divided into

square-grid areas, and the detector way in principle be located at any

arbitrary position, at height z. The size of the squar,-grid sections was

chosen as 50 feet, an. area which is large enough that subsequent computations

are not unwieldy, but which is also sufficiently small to yield an acceptable

approximation of major contaminated planes in almost any area. Consequently,

any plane of contamination in this model is approximated by 513 foot square

grids. An I&rotropic detector is assumed to be located at a height z above

the center square grid. It is at this point detsctor that the reduction

factor D/D of any given contaminated plane area is computed.

Since there vill in general be several planes of contamLnacion at
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varying heights, contributing to the fallout gamma radiation at a given

detector location, the analysis will functionally depend to a large extent

on the variable z, the detector height. By varying the detector height

above the ground plane, one can generate functions which can be used for

the analysis of the contributions of planes of contamination at various

heights.

In this model, the z dependence of the detector response is treated

separately from the other functional dependences. This is accomplished by

separately considering the detector response from planes of contamination at

each vertical height. The responses due to planes of co:.tamination at all heights

are then superimposed to obtain the total detector response or reduction factor

D/D at a given point.

The model will thus work as follows: A given plane of contamination at a

particular height is approximated by 50 foot square grid areas. The detector

is always vertically centered on the center of the center square in the

square-grid network. The squares are numbered as discussed in Section II.

When the detector response due to a given square is desired, the solid angle

subtended by the square at the detector and the effective distance from the

square area to the detector must be computed.

Once the solid angles are determined, the detector response due to this

particular square may be determined by use of appropriate curves. Every square-

grid area for the given plane of contamination may be so treated and the solid

angles, weighting functions, and detector responses (reduction factors) of

each of these squares may be tabulated. This procedure may be then applied to

all other planes at another height, and so on. For th2 square-grid overlay, one

then has a tabulation of the unique (in the absence of barriers) detector response

for each individual square-grid area.

If barriers are present, one refers to specially contructed tables and curves
that will be discussed in paragraph 3, Section II.
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When the square-grid overlay is appropriately scaled to detailed municipal

maps (for example, Sanborn Maps), then the properly scaled overlays may be

placed over the maps and the contribution to the detector due to given areas

of contamination may be quickly assessed. This is accomplished by noting the

square-grid numbers of the areas covering the contaminated areas of interest,

determining the reduction factors D ID for each of the individual square

areas from the tabulated values, and summing the resultant individual

contributions.

D. ,

Section II of this appendix presents the explicit formulation of the square-

grid model including the necessary background material and mathematical expressions

used. Section IV illustrates the use of the model with & concrete example. An

overlay grid is constructed and applied to a hypothetical municipal area.
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,II EXPLICM FOPMMATlUN OF THE SQUARE-GRID MODEL

A. &2rg~bb

The notation used throughout this research memorandum is similar to that used

in Reference C-1. The planes of contamination are divided into 50-foot square

sections (determined by a grid overlay) with the detector centered vertically over

any desired grid (chosen in each instance to be the origin of a rectangular

coordinate system).

The detector response due to the individual square lattice grids is then

computed using the L(X,w) functions, provided the effective attenuation distance

X and the solid angle w are known. It should be noted here, however, that the

determination of the detector responses requires special precautions since the

L(X,w) curves of Spencer are all computed for a contaminated plane which is

symmetric about the detector location. This is not the case with square-grids

in the square lattice model. Consider the situation depicted in Figure C-1. If

one desires to know the contribution due to the square-grid in the upper right

hand side of the Figure, it is first necessary to compute the L(X,w) function for

the solid angle subtended by the entire square annular region enclosed by the

j broken lines in Figure C-1. Then an appropriate weighting must be applied to

f estimate the deLector response from the individual square-grid. This weighting is

not as simple to compute as in the case of the circular model where a simple propor-

* tion was sufficient. The weighting scheme devised fcr the square-grid model is

wIt was found that these functions could be approximated over their range of

greatest utility by simple analytical ixpressions (Section 111). Such
expressions can be evaluated with the aid of a desk calculator and standard
mathamatical tables.
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discussed in Section TI-B.

B. Formulation of the Model

1. Ssgungtons

The basic assumptions underlying the square-grid aiel are:

(a) Each 50 foot square is contaminated uniformly;

(b) The gamma radiation dose received by the detector from a shielded

contaminated square-grid is due to both direct gamma radiation

passing through the barrier and air-scattared gamnma radiation;

(c) The detector response from disjoint sources is equal to the sum

of the contributiona from the individual sour-es; and

(d) It is verified that the orientation of a squar,_. rid with respect

to the detector location need not be considered. The distance

from the center of an individual 50 foot square to the detector

and thc distance between lattice points provide the geometric

characteristics reqd.red in the computation of detector recponse.

This property is of considerable practical importance to the

construction of simple graphs and tables for determining the

solid angle subtended at the detector by any lattice square as a

function of distance.

2. Gegtry

The squara-lattice or square-grid model is constructed in a manner

similar to the circular model of Appendix B, The two basic differences

between the circular model and the square-grid model lie in:

(a) The procedures for computing the solid angles; and

(b) The techniques for treating the D si&on ie~nden parameters
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used to compute the individual contributions of square-grids. The

lattice uses a unit-square annulus (Figure C-i); azimuthal sector

contributions are used in the circular wdcl.

Consider the labeling scheme for the unit squares of the lattice indicated

in Figure C-2. In this Figure, the first number of a pair (i) in a unit square

identifies the unit-square annulus. The second number (J) specifies the

position of the unit square in the square annulus by indexing counter clockwise.

In addition, there is a third number associated with each unit square, hij,

which specifies the height of a unit square above the base reference plane.

If we let a be the width of a unit annulus, then the solid angle
th

fractions subtended by the n square annular region is given by

W (x• ( znn-h n) ( nflYn-1 z-h n) (C-3)

The solid angle fraction subtended by a unit square is given by

a)J= [,qlT(Xij +• A' YiJ +2 A z" hi'

+ q3 (x±j 2+' YiJ 2' £ " h ij)

" q42 (xij' A yiJ + A, z- hij2 ii 2'

+ q 3 T(xij- 2 Aj 2i

q~ ~ 2 rxij A 2'A z -h )C4
- 4  (Xj2' 'ij 2 (C-4

where

((z - h)h•) + y + (z - (C-5)

ql "xi "L i(C-6)

c-10



3,10 3,9 3,8 3,7 3,6 3,5 3,4

3,11 2,7 2,6 2,5 2,4 2,3 3,3

3,12 2,8 1,4 1,3 1,2 2,2 3,2

3,13 2,9 1,5 0,0 1,1 2,1 3,1

3,14 2,10 1,6 1,7 1,8 2,16 3,24

3,15 2,11 2,12 2,13 2,14 2,15 3,23

3,16 3,17 3,18 3,19 3,20 3,21 3,22

Figure C-2

Square-Grid Labeling Scheme
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and the coordinates (Xi, and Yij) are the coordinntes of the center of the

i, J square.

The above equations are essentially those presented in Spencer's

Monograph 42 (Reference C-i) on pages 68 and 69.

Differences in the L c(X,w) functions tabulated in Spencer's Monograph

are appropriate to give the reduction factor (-) for the square annular
0

regions described above. Of course, the proper solid angles must be substi-

tuted in their arguments.

In this section, barrier shielding of contributing source squares is not

treated. This is treated separately in the next section of this report.

Barriers require the use of the L a(X,w) function in addition to the L (X,W)a c

function. These functions may be approximated by simple functions of the form

L = AOmexp (BX) , (C-7)

where A is the intercept value and B is the slope of the curve (See

Section III).

In order to show specifically the scheme for computing the detector

response, Figure C-3 is used.

In terms of this notation and the discussion of this section, it follows
D

that the - of this typical square uniform annulus region is given by
0

-D . (Xnw) - L (Xnwn. L(X) . (C-8)

D 0Ic n n c n-lwn-

thSince there are 8n unit squares in the rM square annulus (n 1 1), the

contribution of a typical unit square of the square annular region may be
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Figure C-3

Square-Grid in nth Square Annulus
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written in the form

D r
o = nn [(Xn,j,( n) - L (X ,n L(X) (C-9)
o n

where

(C-10) S8n 8n

hne fnt= w wn" adn-I is the weighting which
Thef fao ni = 8rtnnn n1

corrects for the effective position of the different unit squares of a given

square annular region.

It is easily seen that the contribution from each square of a given

square annulus n is weighted aceording to the solid angle fraction it

subtends. The total geometry reduction factor for the whole plane is thus

given by

= Z i L (x . ') L (x L()(-1D n j 8nn c n,j, n c n- l,jn-l L(X) (C-Il)o n

or

D n [Lc(- Lc(X i C L(X) (C-12)D '&"' (Xn,j,Zn) &-,j, i 1n-o n j n

In order to illustrate the manner in which the square-grid model is

applied, an overlay was constructed of 50 foot square-grid areas (jee Figure

C-2). In order to us- the overlay for decontamination analysis, the reduction

factor, D/Do, for each of the 50 foot squares is required. The overlay scaled

to appropriatv local maps could then be quickly and effectively utilized in

accessing the effects of large scale decontamination in a particular area of

ii.terest. In order to obtain the D/D values, the solid angle of cacht
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individual 50 foot square must first be determined. An appropriate weight is

then obtained by computing the total solid angle of the annular region in

which a particular 50 foot square is located; the solid angle fraction of the

individual squares may then be determined.

The individual calculations of the solid angles are quitgengthy. In

keeping with the spirit of the model, an approximate but highly &ccurate

procedure for computing the solid angles as a function of horizontal distance

is derived for various detector heights. Computations of the solid angles

of the 50 foot square-grids were made for appropriately spaced on-axis center

distances. (The on-axis case has desirable symmetry properties which simplify

the calculations.) To illustrate this construction, A detector height of

100 feet was used (z = 100 feet). Calcul&tions of the solid angles subtended

at the detector by the 50 foot squares were made for each of the successive

on-axis square-grids. Calculations for several off-axis lattice squares were

performed (e.g., x = y = 150 feet). It was found that the solid angles of the

50 foot squares depended (to a high degree of accuracy) only on the absolute

distance of the square lattice from the detector. With z given, the

dependence is a function of horizontal distance. Consequently, the curve of

Figure C-4 was drawn showing the approximate solid angle of any square lattice

for three detector heights. The solid angles read from Figure C-4 are given

in Table C-I for z = 100 feet. The solid angle fractions / used for

weighting the L(X,w,,) functions are also given. These solid angle fractions

are computed by use of other calculations summart.zed in Table C-I. ":he

reduction factors D/D (no barriers) for a particular square atinular region,

n, at a horizontal distance (X) from the plane of contamination is then given

by

D
-L * L(X) L-(Xn; L M'.
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Figure C-4.

Solid Angle Fraction of 50 Foot Squares an a Function of
Horizontal Distance from Detc-ctor
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TABLE C-I

Solid Angles and Solid Anxle Fractions for
the 50 Foot Squares. (z - 100 Feet)

Lattice L(7.6) a (7.6,w
Number x (ft.) v (ft.) bw L cL --- w

0.0 0 0 .03747 IL00 .00632

1,1 50 0 .02775 .1397 .00620
1,2 50 50 .0212 .1077 .00478

2,1 100 0 .01416 .0774 .00399
2,2 100 50 .0122 .0667 .00346
2,3 100 100 .0079 .0432 .00223

3,1 150 0 .00689 .0547 .00224
3,2 150 A0 .00620 .0493 .00202
3,3 150 130 .0046 .0366 .00150
3,4 150 150 .0032 .0254 .00104

4,1 200 0 .0036 .0421 .00148
4,2 200 50 .0034 .0397 .00139
4,3 200 100 .0029 .0339 .00118
4,4 200 150 .0022 .0257 .00090
4,5 200 200 .0016 .0187 .00066

5,1 250 0 .0022 .0366 .00107
5,2 250 50 .0021 .0350 .00103

5,3 250 100 .0018 .030 .00087
5,4 250 150 .0014 .0233 .00068
5,5 250 200 .0010 .0167 .00049
5,6 250 250 .00079 .010 .00029

6,1 300 0 .00127 .0288 .00051
6,2 300 50 .00120 .0272 .0004-E
6,3 300 100 .00105 .0238 .00042
6,L, 300 150 .0008 .0182 .00033b
6,5 300 200 .00063 .0143 .000255
6,6 300 250 .00045 .0102 .000180
6,7 300 300 .00040 .009i .000157
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TABLE C-II

Solid Angles Subtended at the Detector (0.0,100')

by the Square Annular Regions Centered at the Origin

A- (a n-

3Quare Annulor ReSion W n n-i

n = 0 0.0375 0.0375
I 0.23k4 0.1970
2 0.415 0.1830
3 0.5436 0.1261
4 0.6292 0.0856
5 0.6892 0.06C1
6 0.7333 0.0441

These reduction factors for various annular regions are given for z = 100' in

Table C-Ill. With this information, the contribut-"-- (and hence the effect of

de-:ontamination) of each of the square-grid areas shown in the overlay diagram

(Figuire C-2) can be tabulated. Conseauently, the overlay can then be placed on

a scaled city map and the direct contribution of any area can be -isily

determined from the tabulated contributions. A table of contributions can be

prepared for any desired detector height, z. For large-scale ccnsiderations,

the 50 foot square areas are small enough to be linearly divided fo.: partial

contributions with little error.

TABLE C-1I

SQ1od Azjyja Subt!zieid art JL eC9 (QJXLUO')
,quavS~'Irt Annular Rckioni '~et~~ii

__________ ýnnulj &gig IL..

n - U; 0. 00b 3
1 U.U444
I. 0. 1%4

0, 00409

S9. kj351
b O.j U? '
I 6I
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3. Barriers

An approximate treatment of barrier attenuation and scattering is now

considered. Since the model is constrained to stay within the framework of

the results of Spencer (Reference C-1), a formulation is developed in terms of

Spencer's L c(X,w) and L a(X,w) functions (Reference C-i). Here, the detector

is assumed to be located in an open area. However, this assumptio, ocz not

restrict the application of the model :o regions in which the detector is in

an open area. If the detector is in a structure, it will be necessary to

analyze the shielding by that structure. Procedures boch approximate and

more detailed are available for this analysis (Reference C-2).

The purpose of this section will not be to enter into the treatment of

barrier problems in general. Rather, the purpose is to characterize the

treatment of barriers in a manner that is ccnsistent with the approximate

character of the over-all model and which is simple encugh to be practical

for field applications. The formal treatment of barriers in thL spirit of

the above discussion is first consiaered.

jth th
Consider the contribution D ./D of the j unit square of the n squarenj o

annular region to the detector located at the point (x=O, y=O, z) in the

absence ot any barriers:

D n/Do N - L(x. )- Lc(Xr ) L(X) (C-13)
nj o 4W n c Cair, n c air ""n-i Ij

wher.- Xair is the effective mass thickness ot air between the detector and

the mource pilane. It barriers are present whic:h intersect the solid angle

t h
cone subtendud at the detecror by the tj squire, the direct and the

scattered components of the radiation are affected. With intervening

th
barriers present in the n, n-1, .... ",-m square annular regicnts. we ha-iv,

in principle, a total mass thickness X defined wifi hv- re"spe'ct !o th-
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th
n,g square and the given detector location, i.e.,

X :a X + Za X + + X +
t n,g ~jn,n,i n, n,n-l,i n-l,i ... a n,n-m,i n-m,i

1 (-a

i j n,j,i air .

Here the an,n-m,i are weightings which_eemost approp~rt defined by the

fraction oL the solid angle (defined with respect to ) int~e~ected by the
'nj .

barrier at the a,jth square. The last term of the ab •expression treats

approximately the unobstructed fraction of the solid angle which is filled with

air It siould be noted that ii. practice there would probably never be more

than three terms, and, in general, f*.wer, in these sums over the mass thickness

parameters cf the barriers located in any square annular region.

"After determining the mass factor, tXn ,, of the barriers shielding the
.th

n,j square, au expression fc-. the relative contribution, D n,j/Do, may be

derived. With a barrier of effective mass .hickness, tXnj symmetrically
th

suriounding the detector between the detector and the n annular region.

In/D L(X ,) [L(X -. ) - L ( X .,n (C-14)
n1 a t r, cm ,j n c t nj~n-1

The fractional part ( njA n ) (D n/D ) is not the desired contri-

bution because this fraction:

(a) iticludes in <.nj a scattering contribution not actually present;

and

(b) does not itclude the scattering arou. the barriers of rikaition

cr ilnating in -.

Also, differences in the L (Xn j " n) fu-.ctions canriot be used in theic
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usual form to compute this contribution because they include a large component

of scattering into wn,j from the infinite plane beyond wnj and no contribution

from the shielded area which scatters and arrives at the detector outside of

Ln,

However, by defining a function in terms of the L a(X,w) in a manner

analogous to that in which L c(X,w) is lefined in terms of L(X), we obtain a

function approximating the contribution from a given area.

"1et L (X,w) = L (X,,L,) - - L (-- ,w
a L(X) a l-W

This function eliminates the contribution of scattering into cnj from

the infinite portion of the plane not included in w n,j. Differences of Lhe

Lac, (i.e., Lac ) include a scattering contribution into the solid angleALn

from that portion of the source plane corresponding to the area defined by

the solid engle un-l" The ALac functions also include the direct contribution

from the plane into Aw n. However, the ALac does not include a contribution

to the detector by radiation originating in wn" W n-1 which is scattered out

" -n "-Wn-I and subsequently scattered back inte the dete;.tor.

These are approximately compensating contributems and we will use this

function to compute the approximate contribution from barrier obstructed

source squares.* Clearly, for situations where most of the radiation from

any given source square is unobstructed by barriers, this approyimation will

be adequate. When most of the source planes are obstructed by very large

barriers, then (3.2) would be a better approximation. Thus, we Lake for the

approximate contribution of the njth square source area with effective mass

More exact .,xpressions could be developed for this contribution; however, it
was felt that this effort would not be justified until after the potentiali-
ties of a square-grid point sourca model id been explored.
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thickness, tXn,j, the expression

D
D Z L~tX= ) aL (X X)

4w t n,j actn n0 nP

4in t n,j ac t n,j on) 'ac~t nin-lj

(C-15)

We will show below that the values of (C-15) may be presented

graphically for a large range of X. This represents a conservative approxi-

mation when most of the source squares are not obstructed by barriers.

The detector response due to a given contaminated 50 foot square area is

given by the function

f (w)L (X),aLa c

where ALTa is defined by the relation

AL = Lac(Xl,i) - La(X.ac ac i ac(X"L-1

with

L [LXLx~)L( _Ljw1ac (X) -a I a 1-W' -L

The quantity f(wn) is the Appropriate weighting for a given square grid area

and is given by •iAa. The function L(X)L &c is highly dependent on the

barrier mass thickness X. However, for a given annular square, (i,j),

f(_.)L(X)ALac is oepcndent on the solid angle of the individual square only

through the quantity f(wiý). The quantity f(u) varies with tho position of the

50 foot lattice in a given annular square I. Consequently, the quantizy

L(Y)AL may be computtd &s a function of X for any gjven square annulus,
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Then, through the f(w) function, the reduction factor of each of the individual

50 foot squares penetrating a barrier of any thickness S may be easily

obtained. The function L(X)ALac as a function of X was computed for rings

0 through 6, and the results tabulated in Table C-IV. Figure C-5 also

presents these data graphically. It is noted that the variation of

L(X)ALac as a function of X is for all practical purposes a single

exponential. (The variations from the straight line on the semi-logarithmic

plot are well within the accuracy with which Spencer's curves L(X) and L a(X,)

can be read.

Table C-IV gives the values of f(w) - w/,Aw for each of the 50 foot square-

grids through ring six. klthough these weighting functions for any given

annular sector, i, vary from one square-grid to another, an average value

of f(uo) for each ring can be obtained through the function Aw8i, where 8i is

the number of 50 foot square-grids in ring number i. The accuracy of using

the average solid angle for every square-grid in an annular ring is certainly

well within the general accurcy obtainable for the reduction factor in any

problem in which complex barriers are present. Thus, we assign this average

value to each 50 foot 6quare-grid in a parcicular ring. With this assignment,

the reduc.tion factor of any square-grid through a barrier of arbitrary thickness

may be comouted and presented in graphical form. Table C-V presents the

necessary data from which Figure C-6 is drawn. Figure C-6 thus represents

the reduction factor D/D 0or the individual square-grid areas as a functiono

of the barrier mass thizkness X.

Thus, the case of readily superimposing the values of DOD0 for the

variuus 6quare-grid areas for the case of air wirh no barrier is now _2arried

completely over to rhe case with barrier. One needs cl:t.e ingredients: the

barrier mass thickness X; the square-grid cverlty; and the graphical repre-

sentation of the functions f(•)L.(.)-AL ac for the various ringa, for vxample,

Figures C-5 and C-b.
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TABLE C-IV

L(X)ALac as a Function of Barrier Mass Thickness X

L(X)ALac (X,w)

X Ring Ring Ring Ring Ring Ring Ring
L .. 0 1 2 3 4 5 6

24 .00019 .0054 .0214 .02788 .02712 .01740 .0068S

72 .00014 .0054 .0109 .00802 .00399 .00197 .0012C

144 .00007 .00164 .00205 .000864 .00031 .00014 .00012

216 .00002 .00037 .000371 .000105 .00004 .00003 .00002

288 .00001 .00009 .000061 .0000164 .00001 <10-5 <I(-I

TABLE C-V

Reduction Factors for the 50 Foot Squares as
a Function of Barrier Mass Thickness X

Dn/ Do = ý-L (X) La (X, )

Ring Ring Ring Ring Ring Ring Ring
psf 0 1 2 3 4 5 6

24 7.12(-6 1.33(-4 2.44(-4 1.'•7(-4 7.25(-5 2.62(-5 5.31(-6
f

72 5.25(-6 1.33(-4 1.24(-4 4.21(-5 1.07(-5 2.96(-6 I.1 0(-6

144 2.52(-6 4.04(-5 2.34(-5 4.54(-6 8.30(-7 2. 10(-7 1.19(-7

216 7.50(-b 14.0(-61 4.23(-6 5.53(--7 1.07(-7 4.50(-b 1.83(-8

/ o9
288 3.75(-6 2.22(-6 6.9 (-7 8.62(-8 2-).68(-8 -W •

"*7 -67.1- (-6 7.1- x 1
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The expression (C-14) which gives the total effective mass thickness from
jth

the detector through the intervening barriers to the n,j square-grid area

is in :,ý!neral quite difficult to evaluate. However, one can argue on physical

grounds, that, for the regions of interest Jn the particular applications of

this model, the computation of the effective mass thickness can be greatly

simplified. Indeed it is possible to show theoretically that the expression

(C-14) is approximately related in a rather simple manner to the effective

line distance from the detector to the n,jth square area for large distances

and barrier detail in keeping with the approximate character of this model.

Then, the total effective mass thickness tXn,j can be practically estimated

as follows:

(a) Compute the line distance from the detector to the
th

center of the n,j square radiation scarce area;

(b) From considerations of the barriers (i.e., wall, floor,

roof, etc., data) collected from earlier building

surveys, compute the effective distance through which

the radiation travels in the barriers; i.e., simply

the thickness of all the walls through which the

radiation travels (note: the obliqueness cancels

when the area is nrojected to the vertical).

(c) Add the effective thickness for each type of barrier

material separately. Then use the formula for X

in conjunction with the material's mass thickness

table (see Reference C-I, p. 15) for each material,

then sum r1- X's for all the materials to obtain

'he total barrier mass thicknebs.
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III. APPROXIMATE ANALYTICAL FIT FOR L (X,w) AND L (X,a,) FUNCTIONSa c

It was found during the course of developing the circular model (Appendix B)

that an analytical fit over a rather extensive range of values for both the

L a(X,w) and L c(X,w) curves found on pages 41 and 42, respectively, of Reference

C-1 is possible by employing an expression of the general form

s AX

D/D° M L(X,(L) = e , (C-15)

where s is the slope and A the Intercept for selected values of

X and •. The slope in turn is obtained by

a = ln L(X,w 2 )- ln L(X, 1 ) , (C-16)

while the intercept is calculated by solving Equation C-15 for A as

follows:

A fln L(X.,) - s In
X

The best analytical fit for the L (X,,L) curves was achieved by obtaining
c

the L c(X,.) values given on page 41 of Reference C-2 corresponding to and

"(2 values of 0.05 and 0.2 respectively and solving for the intercept at , - 0.2

for each X value selected. The same procedure was foll-ved for the L (X.)
?a

curves depicted on page 42 of Reference C-2. The slope in this case was

calculated for 0.01 and 2 0.1 while the intercept was obained at

, 0.1. The nunwerical results of these calculations are presented in Table

C-VI, -nd the resultant curvet are shown in Figures C-7 and C-8.

It is 4pparent whet! comparing the L(X,.) curvet developed here with those

C-2
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appearing in ReferenCe C-2 that the accuracy of the L(X,w) values aeteriorate

rapidly due to the lack of convergence as w 0 0. This is particularly true

for those values of w > 0.3 and w > 0.5, associated with the La (X,w) and

L c(X,w) functions respectively. Despite the accuracy limitations inherent

with this analytical approximation of L(X,w) functions, there is no evidence

that the approach would not produce the desired results when appropriately

used ii the square-grid model. It should be noted that there are no

restrictions associated with this model that would prohibit the exclusive use

of tOe exact values for L a(X,w) and L c(X,w) presented in Reference C-1.

TABLE VI

Calculated Values c! s and A for
Selected Effective Mass Thickness Values

La (X,_•) L (X[ n)
X s A X sA

1 1.125 -0,725 2.26 1.115 -0.396

5 1.055 -0.0950 7.53 1.137 -0.0531

24 1.055 -0.0952 22.6 1.042 -0.002J55

72 0.975 +0.00445 75.3 0.916 +0.00726

14A 0.957 40.004355

216 0.954 40.00361

288 0.930 +0.00302
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IV. AN EXSMPLE

Consider the situation indicated in Figure C-9 below. We wish to explicitly

demonstra i the method of calculation of the D nI/D for several of the contri-

buting squares of the grid. Starting with the application of the overlay,

discussed in Section II-B (see Figure C-3), to the quadrant of the idealized

scaled map shown in Figure C-9 for all of the contributions D nj/D of the squares

can be abtained directly from the appropriate overlay as discussed earlier. Of

course, the values will only be correct when the radiating source square contri-

buting to the detector is not appreciably obstructed by barriers. In particular,

for the contribution of the 2,3 square (for a detector located 100' above the

origin) the value of the function D 2,3/D = (0.0366)L(7.6[(L c(7.6,0.418) -

L c(7.6,0.234)] = 0.00218 is immediately read off of the overlay.

We now assume that an equivalent thickness of 2' of concrete for the building

blocking the contribution of square (3,7) has been determined. Also, we assume

that an equivalent thickness of l' of concrete for the same structure blocking

the contribution of its roof, square 2,5 has been determined. Then the effective

mass thicknesses of these barriers are given by (see Reference C-1, p. 15)

X3,7 = 2(z/A)pA- 2(0.5)(144)(2') - 288,

X2,5 = 2(0.5)(144)(1') - 144

The approximate D (X)/D for the sourze squares obstructed by barriers cannot
n , 0

be read from the overlay because the L ac(X,w) functLion,: leading to this contri-

bution are functions of the various effective barrier thicknesses X present.

An important but easy-to-apply approach has been discussed for obtaining the

terms D UJ(X)/D0 in Section I1, which emplois a table and/or graph giving the
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hO--'-) .. 7; 3,6 3,5 3,4

h-2OO--0 .2. 2,4 "2 3,3

1 3 1,2 2,2 3,2

1,1 2,1 3,1

(The detector location is at (0,0,100'))

Figure C-9

Idealized Scaled Map (to be used in conjunction
with Overlay - see FJiure C-3 and Table C-I)
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values of the obstructed contribution of each source square D /D as a functionnJ

of the effective mass thickness X (see Table C-V and Figure C-5). Using the

graph or Table C-V to evaluate D 3,7(X = 2S8)/D for the example of this section,

we find D3,7 /Do = 8.617 x 10-7. In terms of the discussion of Section I, the

formal expressions representing the approximate barrier obstructed contributions

of the source squares 3,7 and 2,3 (Detector location (0,0,100')) are given by

Wr
D3 ,7 /Do a a)L3 L(288) L ac(288'w3) - Lac(288a 2)]2

and

D2'5/DD A-W-" L(14)[ La (144,c+." L c(l44,wl)I

2,5 0o w2cWI1

Using the information on the overlay relating to these solid angles we can

write

D3 ,7 /Do - (0.055) L(288) [ Lac(288,0.544) - Lac(288,0.418)]

ant

D2 ,5/D - (0.077) L(144)[ Lc(l4 4 ,0.4.8) - Lac(144,0.234)]

Then using Spencer's tables (Reference C-l, pp. 37,42) we find:

!.2Z. - (0.055) (0.00024)(0.067)ý

O

D

Do

or

D3 , 71D 0 - 8.86 x 1O07
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and

D 2 5 /D 1.54 x 10"4

Of course, these results could also have been obtained from a table af the

function L as a function of wo with X as a parameter.
ac
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V. SUM•ARY AND CONCLUSIONS

It has been shown that a square-grid overlay technique may be used to analyze

the radiation dose contribution to a detector from individual planes of

contamination. Once these contributions are known, the effectiveness of

decontaminating any plane may easily be assessed. Data required for appli-

cation of tne square-grid model are:

(a) A grid overlay with each square labeled in a coordinate.

scheme (a 50 foot grid size is proposed with each square

labeled (i,j) where i is the square artnulus containing

the square (ij) and j is the position of the square

(i,j) in the annulus. The detector is vertically above

the center of square (0,0)).

(b) A map of the area under analysis which is of the same

scale as the grid overlay.

(c) Data on the effective mass thicknesses of structures in

the area.

(d) A set of tables giving the contribution from each square

in the grid to the detector located a given distance

above the plane of the grid. The tables are constructed

as a function of the detector height above the plane.

(e) A set of curves giving the effects of barrier shielding (as

a function of X) on the detector response for each square

in the grid.

The required tables and curves are derivd for a detector height of 100 feet
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and a square-grid length of 50 feet. It is shown for this case that the grid may be

approximated by a function of the distsnce of the center of the square from the

center of the (0,0) square. Changing the orientation of the square with respect

to the detector produces only a very small perturbation in the value of the solid

angle.

It is concluded that when detailed maps of a standard scale are available

for an area (such as Sanborn maps) a square-grid overlay technique can offer a

practical tool for analysis of decontamination effectiveness. It is recommended

that data be derived for a useful range of detector heights (say 3', 10', 30', as

well as the present 100') and that the method be app!.ed to some real situations.

Further work in barrier effects is required. A more refined approach to the

analysis of barrier effects should be iought.
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GLOSSARY OF TERMS

Ai area in square feet of the i.h contaminated area

Ap = fraction of the vertical barrier voided by apertures

°%Ap = percent of the vertical barrier voided by apertures

Centered area a an area of contamination such that the line from the

detector to the center point of the area is perpendicu-

lar to the plane of the area

B0 (Xo0 , Ihizl, Ai) = horizontal barrier shielding factor for centered areas

B o(X 0 hi-zl ,r) a horizontal barrier shielding factor for off-center area3

B v(XV) M vertical barrier shielding factor (no horizontal

barvier between source and vertical barrier)
I

Bv (Xv) = vertical barrier shielding factor with horizontal

barr. .-s between the source and vertical barrier

C1 (1hi-zI, ri) = dote coni:ribution per unit area

Cd(1hi-zI, A1) = doee cont-ibution from centered area

e eccentricity ratio, length/width

hi = height of the ith area above reference plane

L(X) a total dose from an infinite plane source of fallout

ri W horizontal distance from the detector to the center of

the ith area

W solid angle fraction

X - horizontal-shield equivalent mass thickness in psf

X - vertical-shield cquivalent ma's thickness tv pofV

a height of detector above reference plane
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Appendix D

A Point-Source Model for Approximating

Gamma Ray Intensity at a Single Detector Location

I. INTRODUCTION

A. Purpose

This appendix presents a procedure for estimating Lhe relative radiation dose

contributions at a detector from multiple planes of contamination. The two

objectives in developi.ng this model are:

1. to provide accurate approximations to the relative dose contributions

by many different planes of fallout contamination, and

2. to reduce to a minimum the charts and tibles, maps, equipment, and time

required to calculate the contributions to a given detector location.

B. Background

Two other models with similar objectives have been developed under this

contract. Conceptually, the "circular model" (Appendix B) is simple, and it

is easy to use, but accurate approximations are difficult to make when the con-

taminated planes under analysLa are not segments of circular annuli. The "square

grid model" (Appendix C) can be used to approximate accurately the more usual

geometric arrangement of rectangular planes, but application requires a suitable

scale map for use with overlays of che grid. This point-source model presents

a scheme for approximating contaminated planes by the appropriately located

point-sources of radiation. The point-source model is formulated such that

accuracy limits are known. Scale inaps are not required, but only certain dimen-

sions; only a small number of concise charts are required for its application.

C. The Model

In this model the detector and source point geometry are presented in cylin-

SD-1
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drical geometry. Since the detector is isotropic, the geomet.y reduces to two

distances. These are lh-si, the vertical separation of the detector from the

source plane, and r , the horizontal separation of the detector axis from the

poirt representing a given contaminated area. Here h is the height of the source

plane, and z is the height of the detector, both above a reference plane. Figure D-1

illustrates this geometry.

h h2

Figure D-l

Geometry of Model

The shape of the contaminated areas to be represented by a point is of con-

cern. It is shown that for the area centered vertically below (or above) the

detectcr, a circle or square of a given area subtends essentially the ame solid

angle and thus yields the same relative dose. Off-center areas are all assumed to

be squares. Off-center areas which are not square should be approximated as closely

as possible with squares, unless the maximum dimension meets the criterion of

Figure D-11.
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It has been shown (Appendix C) that the orientation of a square area within

a source plane does not appreciably affect the solid angle subtended at a detector.

Thus, to a good approximation the relative contribution by a contaminatee area to

a detector is a function only of the vertical height Ih-zI separating source and

detector, the horizontal distance r from the center of the area to the vertical

detector axis, the size of the area, and the intervening shielding.

In this paper the relative dose rate, or reduction factor delivered to the

detector from a given area is developed. This relative dose rate for area i is

given by the ratio D i/D where Di is the dose rate contributed to the detector by

plane i and D0 is the total relative dose rate three feet above an infinite,

uniform plane of contamination. The reduction factor RF is then given by

RF ff Z DI/D°
all planes D 0

The relative contribution from all areas beyond those analyzed individually may

be obtained by subtracting the "centered area" relative contribution, Figure D-3,

from the infinite plane contribution L(Jh-zJ) given in the right margin of

Figure D-3.

A major consideration in the development of this model was the establishment

of the maximum area of a square which could be accurately represented by a point-

source at the center of the square. A criterion was devised and maximum areas

were calculated as a function of horizontal separation for several vertical

separation distances (lh-zl - 3', 10', 20', 50', and 100'). The criterion

establishes that for a square area less than or equal to the maximum area, the

relative contribution calculated on an area basis from Spencer's curves (Reference

D-1) are within 10% of the contribution calculated from the equation

C(A ,i'hi'zl'ri C l(1hi-z I'ri)A, D I

D-3
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where C1 (Ihi-zl,ri) is the contribution per unit area as a function of Ihi-zI and

r. and where A, is the contaminated area in square feet.1 3.

The factors for the shielding effects of barriers between the source and the

detector are derived from Spencer's curves and other established sources (Ref-

erences D-3, D-6, & D-5). They are presented in the standard form of multiplicitive

adjustments of the unshielded dose from a source.
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II. DEVELOPMENT OF THE POIN'I -SOURCE MODEL

The analysis of the effects of decontamination of umultiple contaminated

planes surrounding a detector usually presents unique ccquiremcn~s. This model

seeks to provide a concise, rapid method of calculating accurately the fraction of

the total fallout dose rate at a detector contributed by each contaminated area.

In decontamination analyses, the detector positions of interest are usually unpro-

tected or are in low protection factor structures. This is because decontamination

is most effective in hastening the resumption of operations in poorly protected

areas (Reference D-2). Shielding is treated in an approximate manner consistent

with its relative importance in the model and with the requirement of conciseness.

Techniques of the "Equivalent Building Method" (Reference D-5) and the "Engineering

Manual" (Reference D-3) are combined.

A. Areas Centered Opposite Detector

The area immediately below or above a detector is always of interest in

determining radiation doses. This area may be a major contributor to the dose in

the absence of significant shielding. In any case, the difference between a

centered area dose and the infinite plane dose (assuming uniform, unshielded

contributions) is required as the contribution from beyond the areas which are

analyzed specifically.

1. Centered-Circles and Squares

In this modei we wish to approximace tile dose from centered areas by a

function of only area and detector height. If we are to eliminate shape as

a parameter, the most obvious concern is whether or not centered circles and

squares of equal areas contribute equally to the detector. Assuming that

the contribuLion from a ;-entered circle or square is a function only of

.'etector height and o" the solid angle subtended by the area, the desired

apprcximation of an equivalence criteria between squarus and circles is that

S-5



equal solid angles are subtended by equal areas at equal relative detector

heights. Comparisons of solid angle fractions subtended are given in Figure

D-2. It is seen fro. this figure that for the range of areas and detector

heights used in this model, thi solid angle fraction subtended by centered

circles and squares of equal area are equal within the limits of accuracy which

can be used in reading dose rate contributions from graphs. Thus, the dose

rate contribution from centered circular areas is taken as being equal to the

dose rate contribution from centered squares of equal areas, as is the

standard pra.tice (References D-1 and D-3).

In Figure D-3 the relative dose rate contributions Cd from a contaminated

circular or square area centered above or below the detector is presented as

a function of area for several detector heights 1hi-zI. These values were

derived in exactly the same manner as were Spencer's L (X,w) functions wherec

X is the equivalent mass thickness between the source and detector and w

is the solid angle fraction subtended by the source (Reference D-l). That

is, letting L(jhi-zl) be the total dose rate received at a detector located

h i-zj feet above an infinite plane of fallout contamination of such intensity

that L(3') = 1, then

Cd(Ihi-z,Ai) L('hiz ) - L ( Ihi-zr 2 + r,2  ) (D-2)

where

source area T t r. and
L i

Ih,-z1 2 + r i -Ihi-zl/l-toi

Thus, C d(h i-z, Ai) corresponds to Spencer's L(X)L c(X,w) function. The

L(jhi-zI) values given in the margin of Figure D-3 are the relative dose rates

from an infinite area of fallout contamination, A = =, at a detector at

height hi-El

D-6
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2. Centered Rectangles

Areas encountered in practical situations are most often rectangular.

We shall thus investigate the maximum eccentricity of a centered rectangular area

such that the dose rate contribution is within a giver, margin of the dose

rate from a centered square (or circle) of the same area.

A centered rectangular area (i.e., L/w # 1) will always crmtr'lbute less

dose to the detector than a centered square of the same area. Thus by approx-

imating a centered rectangle by a centt. ed square of the same area, one will

overestimate the dose contribution from the area and consequently will over-

estimate the effectiveness of decontaminating the eres. This means, of course,

that the dose rati overestimates should be kept to a small percent of the dos8

rate contribution from the area. This overestimate of the relative dose rate

of decontaminating the centered area will mean that thr reduction of decon-

taminating other areas will be underestimated. We shall establish bounds on

the error introduced sufficiently stringent to insure acceptable accuracy

in the application of the model.

Considering the precision of other factors in the total deccntamination

model, an error limit of ten percent seemed acceptable. The criterion estab-

lished below assures that the error in unshielded dose contribution introduced

by this approximation is less than ten percent.

Consider the two geometries of Figure D-4.

A 
r

El i Configuration C',fi;.;r tion

Yields e Ids

C A-i 4A 1! A

Figuro P-4

Approximately Equivalent Areas - Circular Segments
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We cee that

A 2

&axd r' + ((2+

where

A - area of square "center" of rectangle

A + AA =uren of rectangle

2 - width of rectangle

I + U = length of rectangle

Thus, the eccentricity e of the rectangle is

e + 1+ A (D-3)

We have shown (Figure D-2) that the dose from centered squares and circles of

equal areas are identical within the accuracy of the graphical data. There-

fore, let A denote the area A in a centered circular or square configu-
c

ration, and let AR denote the area A in a centered rectangular configuration.

Thus, the dose rate from the area on the left in ligure D-4 is Cd ( [A + /A]R).

Letting At - n r , the dose rate from the area on the right is
c

Cd([A + ]cs) Cd(A ) + 4A- [Cd(At) - Cd(A )I. (D-4)
c

Since the areas are equal, we make the approximation

Cd ([A +.A]R) •-((A +AA]c) (D-5)

Now consider the way in which the off-center ýA is appcoximated in Equation

9-5. Figure D-5 depicts this approximation, and it is clear that the circular

segment approximation of £quatiuu D-5 uses areas farther from the detector and

thus gives a low approximation to the dose rate from (A + L\A)R.

O-lO

n-In ..



Figure D-5

Approximately Equivalent Areas - Circular Segment

Figure D-6 depicts the way in which areas are equated In the approxirnation

Cd ([A + LAR)-Cd (CI[A + MId). (D-6)

Yl4.#Ids C (dA+\AJ )

Figure D-6

Approxinately Equivalent Areas - Centered Square
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In this case it is clear that the centered square approximation, Equation P-6,

uses areas closer to the detector and thus gives a 1 approximation to the

dose rate from (A + AA) Therefore,
R

Cd ([A+6A]c)>Cd ([A+AA]R)>Cd ((A+6] c

and

Cd ([A + AA]c) - Cd ([A + MAIR) < C ((A +ý AIc) Cd ([A + 6A]CS)

Cd ([A"+ 6]) Ck ([A + A])
dc c

The dose from the rectangular area Cd (QA + AA]R) is then within ten percent

of the estimate Cd ([A +AAA]) if

Cd ([A + AA] - Cd ([A + AAj cs) < 0.1 (D-l)

Cd ([A +- A] C)

Satisfaction of Equation D-7 is thus taken as the criterion for the maximum

eccenLricity of a centered rectangle of area A + LAA to be approximated by

a centered square of area A + AO. by using the dose curves in Figure D,3.

The locus of maximum allowable eccentricity e from Equation D-3, as

a function of total area, A + tA, is derived as described belew for the

detector heights of 3, 10, 20, 50, and 100 feet. To obtain a point on the

locus for a given height, the following steps are taken:

(a) an area A is selected for the center square

(b) incremental. ,'s are added to A and the ratio of Equation D-7

is computed for each tA

(c) the maximum MA satisfyinV. Equati4-n D-7 is found graphically

(d) the maximum allowable eccentricity • is calculated by

Equation n-3 for the area A + tA.

The e values thus obtajned are shown as functions of area A + MA

in "igure V-7. The form of these curves is anticipated by noting that

Lim { Cd ((A + C d ([A +4A -0



To Keep Dose Rate Error <~ 107.

100,000

10 00011 fi

'44

100

Eccentricity e *Length/Width

Figure D-1

Mahximum Eccentricity Patios For Centerod Rectang~ular Areas
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since as the center square area increases, the dose rate from A approaches

the dose rate from the entire plane. And

Ir d Cd[ Ac) Cd S

[A + -1,A -0(

since a zero area contributes zero ,se te regardless of the "eccentricity".

B. Off-center Areas

As implied by the title "Point-Sou Mc 4", we wish to establish a scheme

to represent areas of contamination by Iint :.urces. There was no requirement

to introduce point sources for centered areas in the previous section. For off-

center areas we shall establish criteria by which off-center areas may be represented

by an equivalent point source at the center of tie area. Actually we will not use

point source data. To approximate the dose contribution from the area, we will

multiply the area by the contribution per unit area at the center of the area.

This approach requires two sets of data for its application. First, the dose rate

contribution per unit area as a function of horizontal distance from the detector

is required for each detector height. Next, a set of criteria for the maximum

area which can be treated in this manner must be established.

1. Dose Rate Contribution Per Uni.t Area

The dose rate contribution per unit area as a function of horizontal

distance from the detector was calculated for each detector height using

the equation

C1 (lh-zl'r) d 2. -d (D-8)
I 2vrtr

where

Ih-zj - vertical separation of detector and source area

r - horizontal separation of detector and center of source area

C1 (-i-:',r) - contribution per unit area at center of source

0-14
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Cd (Ih-zi,r) - contribution from a centered area of radius r as
defined in Equation D-2, (the change of argument from
A to r is only for clarity in Equation D-8)

2rrAr = area between circles of radius r-- and r ixr
2 2

The function C1 (Ih-zl,r) is presented in Figure D-8 for the selected Ih-zl

values of 3, 10, 20, 50, and 100 feet.

The differencing in Equation D-8 to obtain these values must be accomplished

before the maximum allowable Ar is established. To assure the validity of

these values, the increments are chosen well below values which previous work

(Appendix C) and judgement indicated would be the maximum values of Ar.

These judgements are confirmed by the maximum values of Ar established below.

2. Maximum Area to be Represented by a Point

Since there was obviously some limit to the validity of the point source

approximation, the following limiting arguments were devised. Consider the

convex function shown in Figure D-9.

0

-(r)A f• 2

( P '

2 + 2

r- - r p

Figure D-q

Approximations on a Convex Function
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Because of the convexity of the function, the tangent to f(p) at any point

touches the curve only at that point, and the chord from (f(r) at r -j r to2 )t

(f(r) at r4A) intersects the curve only at the two end points. Thus,

rAr

f(r) Ar < f(p)dp 2 2 Ar

r22

and
Ar rA[rA f(r-'E) + f(r4.

Ar f(p)dp - f(r) Ar < ,. Ar - f(r) Ar (D-9)
r2

which means that the error introduced in approximating the integral by f(r)Ar

is less than or equal to the difference between f(r) and the average of

Ar 6f(r-j-) and f(r 1 r)

The dose per unit area functions, C1 (lh-zl,r) are convex over most of

their range. The log-log scale of Figure D-8 obscures this fact, but the

general form of each of these curves is like that in Figure D-1O when

shown on linear scales. The value ro, such that r > ro, implies f(r) is

convex, is less than ten feet for all of the values of Ih-zJ S 100 feet. The

inequality (D-9) thus is used in establishing the criterion for maximum area

to be represented by a point. Only the convex portions of the C1 (lh-z!,r)

functions are used.
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I.

Horizontal Se-:aration, r

Figure D-10

Form of C I (lh-zl,r) Functions

As stated earlier, in accordance with our objective of making a slightly

conservative estimate of decontamination effectiveness, we establish the

criterion

c l-i Ar arI - Jr-_-:) + c1 ( Ih-z I,P -2 2 1 _~ C 1 (lh- zl,r) 0 .1 )2 1 1-Jr

It has been shown that the dose contribution from an off-center square

area is insensitive to the orientation. Thus wt set the maximum area to

be represented by a point located at its center to be a square of area

2

A max (Ar max ) 2, where ,,r max is the maximum Ar satisfying the condition of

Equaticn D-10, and where r is the horizontal distance to the center of the

square area. For areas which are not square. the criterion should bQ that

the maximum dimension Li• less than or equal to *,reMAX' The locus of max•imum

D-18



square area to be represented by a point at the center is given in Figure D-ll

for each of the detector heights 3, 10, 20, 50, and 100 feet. If the area

does not meet the criterion, it should be subdivided into areas which do.

C. Shielding

In the previous sections we have considered only un~hLelded detectors. In

this section we shall obtain conventional multiplicative factors to account for

shielding. The cases considered are:

(a) horizontal shielding between the detector and a centered area

of contamination;

(b) horizcntal shielding between the detector and an off-center area

of contamination; and

(c) vertical shielding between the detector and an off-center area of

contamination.

1. Centered Areas and Hcrizontal Barriers

The horizontal barrier shielding factor for centercd areas B is giveno

by the equation

C (X , lh-zl,A) C (X ,'k)

Bo 0(Xo0lh'z,A) - C (0,Jh-zj ,A) c (0,W) (D-11)
0 0

where

S - shield equivalent mass thickness in psf0

Ih-xl - vertical separation of detector and source in feet

A - area in square feet

S- solid angle fraction subtended by area A at
height Ih-zJ

Co (X, ) - overhead contribution for the given X and •
(Reference D-3)
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Since Co(Xo0 ,) is a function onl. of the solid angle subtended, separate

graphs are not given for each !h-zl in Figure D-12. Rather, a nomogram is given

in Figure D-12 for converting areas at different lh-zI values to equivalent areas

at Ih-zI a 10 feet. Essentially this is the same approach as that taken in

Reference D-5.

The Bo (X o lh-zl,A) values of Figure D-12 are used in the following %anner

to obtain the shielded dose contribution from a centered area:

(a) find Cd (Oh-z!,A) using Figure D-18

(b) in the Figure T)-12 nomogram locate the given area value cn the A

scale (on the left)

(c) draw a straight line from this pcint A. through the given value of

'h-zf on the middle scale and contiiue to the A scale on the right

side

(d) from the intercept of this line with the A' scale, follow a horizontal

line to tne curve for the correct X (if X falls between two curves,0 0

an interpolation should be made)

(e) read the BO (Xo, ih-zj,A) value at the bottom

(f) multiply Cd (Ih-zI,A) by B (X°h-zI,A) to obtain Cd (X0,fh-zI,A)

This wuIld be the contribution from the centered area Areas also

shielded by vertical barriers should be treated as off-center areas.

2. Off-center Areas &nd Porizo.tal Barriers

The horizontal barrier shielding factor for off-center areas B is given

by the equation

C (X 'h-zl,.T(r4•2 2 C (X "
IR 0 (X 0 hx,r) 0 0 2 a 02(-2

0,1 1 tl! 2oL
1' 2 0 2

whcre th* terms are the same as those defined for Equation D-11, except that the
at•. has been giveo. by a function of the horizontal separation of s, rce and

detect or.

0-22



The values of Bo (Xo,jh-zI,r) are given in Figure D-13. Again, separate

curves are not given for each Ih-zi. The Co (Xo',h'z{'A) values are functions

only of the solid angle subtended by the Area A which is defined by r in

Equation D-12. The nomogram thus can be used for converting radii at different

Ih-zf values to equivalent radii at Ih-zI - 10 feet. The BO01 values of Figure

D-13 are used in analogous manner to those of Figure D-12. That is, to obtaii

the shieldinS dose contribution from an area:

(a) find C1 (1h-zi,r) from Figure D-8 and multiply the value by the area

(a square area satisfying the criteria of Figure D-11)

(b) in the Figure D-13 nomograms, locate the given horizontal separation

distance r on the r scale (on the left)

(c) draw a straight line from this point r through the given value

of jh-zj on the middle scale and continue to the r' scale on the

right side

(e) read the B01 (XoIh-zI,r) value at the bottom

(f) imultiply [C 1 (Ih-z~r)JI A by B 01 (Xh-zjr) (If there are no

vertical barriers, this is the contribution from that area.)

3. Vertical Barriers

As a multiplicative barrier factor for vertical barriers, we again need

the ratio of the contribution with the barrier present to the contribution

without the barrier. First, the case for which no horizontal barrieri exist

between the source and the vertical barrier is considered. The contributions

through the walls are obtained from values in "The Lqu.valeut Building Method"

(Reference D-5). To obtain tOese contributions, we find tte protecdoil factors

(PY) with no roof contribution (infinite rooi weighIt) and we note that the Pr

is the reciprocal of the relative contribution thr~ugh the wall. Thus we

obtain

D-23
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Cd (Xv,A) PF (oO"A)
Bv (XV) *Y= (D-13)

Cd (01A) PF (-,Xv A)

where

B (X ) vertical barrier factor with no horizontal shield

between the source and tl-i vertical barrier

X = equivalent mass thickness, in psf, of the vertical barrier
V
* * 2

A = (2r)

r = horizontal distance from detector to the vertical barrier.
*

The PF values in Reference D-5 are given for creas A in values ranging from

100 to 100,000 square feet. Since these numbers include wall scattering as

well as direct attenuation, it is conceivable that the barrier factor Bv (X V)

is also a function of the distance r . However, the ratio of equation D-13,
.

when obtained for the complete range of areas A given in Reference D-5, shcws

nc appreciable difference between the values obtained for tie different areas.

That is, the variance introduced by reading the graphs of Reference D-5 was

greater than the differences in the values for diffetent areas. Thus, a

single curve of Bv (X v) is given in Figure D--14.

If a horizontai barriear exists Letween the source and the vertical

barrier, the curve derived from Reference D-3 for this configuration will be

used. This curve is reproduced in Figure D-*' ae B' (X ).
V V

If there are apertures in a vertica] barrier, corrections to the mass

thickness of the solid portion should be made before using Figure -l-14. In

the configuration with an intervening horizontal barrier, the mass thickness

of the solid wall siould be multiplied by the fraction of the wall not.

voided by apertures. Thus,

X (1-Ap) X (D-14)
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where

Ap = fraction of wall voided by apertures

X - mass thickness of solid porcion of wall

In the c,:ifiguration with no intervening horizontal barriers, correction

curves for apertures are presented in aeference D-5. However, a consideration

of their basis indicates that the correction curves of Reference D-5 deviate

somewhat from the form which they should possess (see Chapter III). Because

of this deviation, and since the corrections do not differ greatly for

different areas A , a single "consensus" set of correction curves will be

used in this model. Figure D-15 presents the aperture corrections to be

applied in this configuration with no intervening hirizontal barrier. To

use these correction curves, compute the precent of the vertical barrier

occupied by apertures % Ap, and determine tbe mass thickness of the solid

portion of the barrier X . For these values of % Ap and X , read from

Figure D-15 the value of Xv to be used in Figure D-14 to obtain Bv (X V).
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III. EVALUATION OF EQUIVALENT BUILDING METHOD APERTURE CORRECTIONS

Shelter Design and Analysis Volume II presents the Equivalent Building

Method of Fallout Radiation Shielding Analysis Design. The Equivalent Building

Method is based on the approximation of reducing a complex shielding situation to

an equivalent simple, solid-wall, single-story structure problem. For above the

ground, the basic structure assumed in TR-20, Volume II is a solid-wall, single-

st( y, square building. The wall height is 13 feet with the detector 3 feet above

the floor. The aperture sill heights are 3 feet, the detector height. Basic

structure areas of 100, 1,000, 10,000, and 100,000 square feet are used. For

each of these areas a family of curves which relate the protection factor to wall

mass thickness, with roof mass thickness as a parameter, is given. When a structure

varies from the basic case, an equivalent mass thickness is found from given curves

such that a standard structure with this wall weight has the same protection factor

as the structure under study. In particular, corrections for apertures are made

using Figure 10 of TR-20, Volume II, reproduced here as Figure D-16.

The purpose of this appendix is to examine the peculiarities exhibited by

these curves at mass thicknesses less than 100 psf. In Figure D-16, Ap is the

fraction of the wall takei by apertures; so let Ap be the fraction of wall above

the detector taken by apertures, and let all apertures be above detector height.

Only the ground contribution C is affected by apertures in the exterior walls;g

therefore, equivalent wall mass thickness is found by equating ground contributions

C (Ap, X ) C (0, X')

Since

ZC (O,X )
g <0

(Figures 1 through 4 of References D-3 and D-5)
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c (Ap, xe) <c (0, xe) > x' > x (D-15)

g - g e e- e

Using the method of the Engineering Manual (TR-20, Volume I), we have

C (Ap, I[Gd(uL) x, (l-Ap) G (u)] [1-Sw(X)]

+ (-) G S(Wu) + ,G(WL)] Sw(xe)E Be(XeH)

+ Ap G (Wu) . (D-16)
a u

Given Ap S 1, and Ap < 1, then by equation D-16

It I

C (Ap , X e) < C (Ap,X e) is equivalent to

it If '
-Ap Ga (Wu) [l-Swl - Ap Gs (W~u) SwE B + Ap G (Wuh) <

a a -e

- Ap Ga (Wu, [l-Sw] - A; Gs (wu) SwE Be + Ap Ga (Wu)

or

Ap IGa (Wu) [I-B + S B ] - s (wu) S EB e >Ape wew e -

Ga (wu) [1 - Be + SweB] -e G(wu) SwEB e (D-17)

If
t It

Ap 0 , then by equation D-17, C (Ap , X) - Cg (O,X ) if and only if

0 >Ga G U) [ - B + S B] G (au) SWEB

or GSu 1 - B + e , X 0.
G SEB
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Now, for any Ap < Ap , satisfaction of condition D-18 implies satisfaction of

II

condition D-17. Thus, with Ap _ Ap, if all apertures are above the detector, then

Io It IX" > X <--W C (Ap , Xe _ C (O)Xe < C- Xe), x C (Ap'

e - e g eg 9 X(e) g e

<=> C (0, X") < C (0, x') X x" > X'

e - g e- e

For a given area, then X' plotted to X with Ap as a parameter has the form ofSe e

Figure D-17.

/0%0

/ / 40%o

e

Figure D-17

Correct Form for Aperture Corrections

The crossover point, X , is given by the equality of condition D-18. In

Lofldition D-18, for a given eccentricity ratio, the right side is independent of

area and the left side is independent of X . The crossover point may then bee

found as in Figure D-18.
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IV. AN EXAMPLE ANALYSIS

The application of the point source model is illustrated by a simple, but

fairly realistic example. Consider the decontamination situation of Figure D-19.

In this example the detector is located t• ee feet above an open area (a parking

lot or park, say) which covers a city block. Area I includes the parking lot and

the adjoining streets. Area II is the flat roof of a building one block long, 75

feet wide, and 15 feet high. Area III is another parking lot separated from the

detector by the building.

The detailed analysis of these three areas is shown in Table D-I. First, the

centered area is analyzed; the analysis is very simple in this example since the

eccentricity meets the criterion and there -,s no shielding. If this area does not

meet the eccentricity criterion, it should bp i:ubdivided and the off-center sub-

divisions should be treated as other off-center areas,

Since Areas II and III are quite elongated and the areas do not meet the

criterion of Figure D-11, they are subdivided into areas which are nearly square

(in this case exactly square) and which meet tie area criterion in Figure D-11.

The data for Area II with Ih-zJ - 12 feet is interpolated between the 10 and 20

foot curves. Note that the horizontal barrier factor B0 is off-scal6 on Figure D-12

and thus is carried as an inequality. Note also that the aperture correction for

vertical barriers is given by X a (1 - ) X for Area II where a horizontalv 100

barrier exists between the vertical barrier and the source, and is given by

Figure D-15 for Area III where there is no horizontal barrier.

In the application of the point-source model, a tabulation sheet such as

Table D-I will be found very useful.
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Xj = 25 psf

X = 25 psf
UAp = 20"1/

XII

3 0h .3

4 x 400 ifu

Figure D-19

Example Plan View
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Example An,'

Ih-zI Area EL/W E4- max Sub- SuI-Area r Sub-Area • (jh-zlr) Cd (ih-ij,A) Horizontal BO(?ma Area •ABrirX
Chart 3 Ar. max Chart 8 or B-rrivr Y or
a<Amox N Chart 11 ACI (Ih-zl,r) (psf) B01'

Chart 11 Chart 3 Chat
Chn

3' 16,000 1 Yes I.1 16,0O0 - 5.70 (-1 0

12' 22,500 4.0 No TI.1 5625 265 Yes 3.6(-7 2.025(-3 25

11.2 5625 240 Yes 4.S(-7 2.53 (-3 25

11.3 5625 240 Yes 4.5(-7 2.53 (-3 25

11.4 56.5 265 Yes 3.6(-7 2.025(-3 25

33' 30,000 3.0 No TII.1 10,000 340 Yes 2.0(-7 2.0 (-3 0

111.2 :0,000 340 Yes 2.25(-7 2.25 (-3 0

111.3 10,000 340 Yes 2.0(-7 2.0 ý-3 0

.70(-l = 5.70 x 10"

A
fl-i7



TABLE D- I

U.icmole Analysis of CoaftsurAtion tn Figure D_-19

Horizontal E0 (X0 ,Ih-zI,A) Cd x B0 , Vert. Barrier % Ap Aperture B' (X ) Contribution Total Contribution
Barrier X0 or oX (Psi) Correction or v Cd x B0 x By' of Sub-Areas in

0 ooror d "V Each area - C
(pef) BI(Xo, ih-zi ,r) AC1 x B01  X-(1- 10 o)X Bv (Xv) AC 1 x B x B ij

Chart 12 or or Chart 15 Chart 14 or ACI x Bv
Chart 13

0 1.0 5.70(-l 0 0 0 1.0 5.70 (-1 5.7 (-1

25 < .01 < 2.0 (..5 25 20 20 .49 < 1.0 (-5

25 < .01 < 2.5 (-5 25 20 20 .49 < 1.25'(-5

25 < .01 < 2.5 (-5 25 20 20 .49 < 1.25 (-5

25 < .01 < 2.0 (-5 25 20 20 .49 < 1.0 (-5 < 4.5 (-5

0 1.0 2.0 (-3 50 20 51 .275 5.5 (-4

0 1.0 2.25(-3 50 20 51 .k5 6.2 (-4

1.0 2.0 (-3 50 20 51 .275 5.5 (-4 1.72(-3

B



V. THE EQUIVALENT PLANES METHOD

The Equivalent Planes Method is based on the analyses of the previous sections.

The keys to the method are two limiting criteria. The first gives limits on the

length-to-width ratio (eccentricity) of an area centered above or below the detector

such that the dose contribution is within ten percent of the approximating dose

from a centered square of the same area. The other criterion gives limits on the

area of an off-center square such that the dose contribution is within ten percent

of the approximation given by the product of the area times the dose contribution

per unit area from the center of the square.

Shielding factors are presented for above ground detectors which are separated

from source areas by relatively light shields. These data should be most applica-

ble to decontamination studies. The dose contributions calculated are suitable

for inclusion in formulas for decontamination analysis.

A concise manuel, giving a step-by-step procedure for applying the Equivalent

Planes Method, is included at the end of this volume. Several data tabulation

sheets to be used with the manuel are also included.
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VI. CONCLUSIONS AND RECOM(ENDATIONS

It is concluded thaL the point-source model can be a useful and realistic

method of analyzing fallout radiation contributions for decontamination studies.

The real keys to the method are the limiting criteria given in Figures D-7 and D-11.

The first criterion, Figure D-7, gives limits on the length-to-width ratio

(eccentricity) of an area centered above or below the detector such that the dose

contribution is within ten percent of the approximating dose from a centered square

of the same area. The other criterion., Figure D-11, gives limits on the area of

an off-center square such that the dose contribution is within ten percent of the

approximation given by the product of the area times the dose per unit area at the

center of the square. These criteria are based on unshielded areas. In future

studies it wculd be desirable to investigate these criteria for shielded areas.

Shielding factors employed in this model are obtained from well-known sources

(References D-l, D-2, D-4 and D-5). The approach taken is based on the premise that

above ground detectors which are separated from source areas by relatively ligIt

shields are of primary interest in decontamination studies. If applications

indicate that basement areas and heavier shields are of more interest, the model

can readily be extended. Probably it will be found necessary to generate data

for X0 values between zero and 25 psf to fill in Figure D-13 since many "curtain"

walls and light roofs have mass thicknesses in this range. The data are not avail-

able from Reference D-3, so they will have to be generated directly from Spencer's

data, Reference D-1.
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Append ix E

A FORTRAN Program for Decontamination Analysis

I. INTRODUCTION

A. General

This appendix describes a computer program written in FORTRAI'i LU compute the

effectiveness pararneters used to analyze municipal decontamination. The program

was written in FORTRAN 64 to be used on large scale computers such as the CDC 3600.

The program has been debugged and tested and has been used under OCD work unit 3233B.

For a given level of decontamination the program is capable of determining

both the reductions in dose-rate at specified detector locations and the re

ductions in total dose for persons spending prescribed amounts of time at

specified detector locations. Other parameters used in the analysis of municipal

decontamination, such as the PF's at the detector locations and the equivalent

PF's associated with the activities (without decontamination), are also computed.

B. Contents

Section II of this Appendix is a description of the computer program and

includes:

1. a list of the equations which are computed

2. the data input formats

3. the printed output formats

The basic equation defining the equivalent protection factor is:

EPF a fl/P + f 2 /P 2 + . + f /P

where f. is th* fraction of time spent with protection P..

E-1



4. the detailed flow charts

5. a card listing of the program with a set of sample inputs

6. a sample output of the program.
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II. THE COMPUTER PROGRAM

A. Introduction

The CDC 3600 FORTRAN program computes the values of the following: the pro-

tection factor (PF) at each location, the equivalent protection factor (EPF) for

each activity pattern, the fraction (CF) of the total intensity prior to decontami-

nation at a given detector due to a particular contaminated plane, the intensity

reduction factor (RN) for each decontamination strategy at each detector location,

and the activity dose reduction factor (RNA) for each combination of activity and

decon. .ýination strategy at all detector locations.

Ca~culations are made from the following input data: Contributions (C) to

intensity at each detector location from each plane of contamination the fraction

(f) of time that an individual spends at each detector location performing each

particular activity, the mass reduction factor (f) for each decontamination strategy,

and the key (S) to associate the appropriate value of F with each composite decon-

tamination strategy for each plane.

The program is designed to accept a maximum of twelve each: detector locations,

planes of contartination, activity patterns, composite decontamination strategies;

and twenty mass reduction factor values.

ITj equations used to compute the above parameters are the following:

PF. - 1 (E. 1)
~j p

i-3

EPFk"- dj••( j (,-2)

C~ij C

E-3



d

RN =h E CFij )Fs hi (E-.4)

d f P.

RNAkh =1 PF/ (E-" 5)d_ f
E PF

where:

j identifies the detector location; d, the number of detector locations

j - 1, 2, ... , d (d meximum = 20)

i identifies the plane of contamination; p, the number of planes of contamination

i = 1, 2, ... , p (p maximum = 12)

k identifies the activity rattern; a, the number of activity patterns

k = 1, 2, ... , a (a maximum = 20)

£identif:.es the decontamination strategy; s, the number of decontaminaLton

strategies. L = 1, 2, ... , s (s maximum = 20)

h identifies the composiLe decontamination strategy; c, the number of composite

decontamination strategies. h = 1, 2, ... , c (c naximum =iO)

C- identifies the contribution to int..iisity at - detector location from ith

plane of contamination

fkJ identifies the fraction of time spen. at detector location j perfcrrning

the activity denoted !y k

F Identifies the mass reduction factor (fraction of fallout remaining) for

decontamination strategy f

S hidentifies wh'-h strategy £ is used to decont&minate plane i for composite

strategy h

B. Data Input Fornat

Vh, first input card, identified by a 2 in card column one, specifies the
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number of values to be entered for each variable subscript in integer form (XX) as

shown below:

cc cc cc cc cc cc
1 2,3 4,5 697 8,9 10,11

2 XX XX XX XX XX

dne d p a s c

Each value for each of the input variables Cij and fkj is entered on a separate

card and entered in sequence by row (A 1,1 A 1,2 A 1,... A. ; A 2,1, A 2,2 A2,3"

A ; VA ,A , A .. A ).r
2,n M,1 m,' M,3' m,n

cc cc cc cc
1 2-1.0 1 2-5
3 ,oXM=I l 4_________

td eC ij (Real Number d e fkj (Real Number)n t n nt

The values for input variables F (up to twenty) are entered from a single

card, The first value, which serves also as the identification number, in card

columns 1-4 must always be 1.00.



cc cc cc cc cc cc cc cc cc cc cc cc

1-4 5-8 9-12 13-16 17-20 21-24 25-28 29-32 33-36 37-40 41-44 45-48
1.00 X.XX X.XX X.XX X.XX X.XX X.XX X.XX X.XX X.XX X.XX X.XX

F2 F4 F4 F6 F6 F7 F9 FI0 FI1 F12
10 11 1

The values for input variable Shi (up to twelve planes) are entered by row,

each row completed in one card which is numbered in sequence:

F S xxx xx xx xx xx Xx xx xx LX xx xx xx xx
I Serial S S S S S S S 5 3 S S S

hero l h,I h,2 d,3 h,4 h,5 h,6 hh,7 Sh.,8 hh,9 h 10 h,ll h,12

t

Data cards are to be entered in the following sequence:

f,
fkj

Control Card: 0
Values of d~p,a,
s,and c..
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C. Printed Output Format

D =XX2 P = XIX A =XX, S =XX, C =XX

Values of C(J,I)--

Detector PLANE NUMIBER

Location 1 2 3 p

No. 1 .X2OOOOXX .OxXXXXXX .XXXXooM . XXXXXXXX

No. 2 X)LXXXXXX .xxxxXXXXXXXKX2~XX . XXXXXXXX

No. 3 . XXXXIGM XXXXXXXX .XXXXXXXX .... XXXXXXXX

No. d .XXXXXXXX .XXXOXXXM . XX~XXXXX . . . .Xxxxxxx.x

Values of FR(J,XK)--

* Detector ACTIVITY PATTERN NUMBER

Location 1 2 3 a

No. 1 X.XX X.XX X.XX ... X.XX

No. 2 X.XX X.XX X.XX ... X.XX

No. 3 X.XX X.XX X.XX ... X.XX

No. d X.XX X.XX X.XX . .. X.XX

Values of S(H,I)--

X.XX X.XX X.XX.. X.KX

Values of S(H,I)--

Composite PLANE N UMB ER

Strategy 1 2 3 p

No. I xx x XX .X . . xx

No. 2 xx X XX .. KX

No. 3 xx XX xx . .. X

NNO. C xx xx Xx.. . xx



PF (J)

Detector
Locat ion

No. 1 XXXX.XOC

No. 2 XXXX.XX

No. L4 XXXX.XX

EPF(K) =

Activity

Pattern

No. 1 IXXXX..XX

No. 2 XXXX.LXX

No. a XXXX.,XX

CF(J, I)

Detector PLANE NUMBER

Location 1 2 3 4 p

No. 1 X.xx X.xx X.XX X.xx .. . X.xx

No. 2 X.X X. - .x X.XX . . . X. lX

No. 3 X. XX X.XX X.xx X.xx . . . X.xx

No. d. X. k7 X.XX X. XX X.xx . . . X.xx

Check by summinig CF(I,J) on cich -J. Should equal 1.

XI.( X.xx X.Na X.xx X.XX

E~-8



RN (H),J)

Composite, DETECTOR LOCATION NUMBER
Strategy 1 2 3 4 d

Nc. 1 X.,XX 1X. XX X.XX X.,Xx . . . X.XX

No. 2 X.XX X.XX X.XX X.XX . . . X.XX

No. 3 X.XOC X.XX X.XX X.XX ... X.XX

No. c Xlx.x X.XX X.XX X.Y.X . . . X.XX(

RNA(HK) =

Composite ACTIVITY PATTERN NUMBEP
Strategy 1 2 3 4 a

No. 1 X.XX X.xx X.XX X.XX . .. X.%XX

No. 2 X.XX X.XX X.XX X.xx . . . X. XX

i£o. 3 X.XX X.XX X.XX X.XX . . . X.)DC

No. c X.XX X. lu X.XX X.XX( . . . X. a



D. Detailed Flow Charts of Computer Program

Q START

L 
PRINT
LOSSGLOSSARY

7 .

DIMENSION C, f, F

S.1 PF, EPF, CF, RN,

LRNA- and SCFT

READ CARD
p d, p, a, s, c

YES
END EOF?

NO

PRINT NO IR
ERROR MESSAGE ARD

YES

EQ SET i=i'

SET j=l

READ CARD
ICK', C ij

PRINT NO C..?
ERROR MSAGE ij

YES

NO,
END 

j-d.' YES

NO

YES'

SET K-1
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IK1f kj

yYES

SET L= L
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L 
SET i= I

-L-- J4-- 
0

READ CARD
ICK I N'TM (M) 'S h i

PYINT NO
ERROR s hi ?

MESSAGE

YES

END i=p? 0 NO

YES

NO

YES

EJECT PACE

RINT VALUES
or,

dpasand c

TRIPLE
SPACE

PRINT
"VALUES OF

C(.II)--"

DOUBLE
SPACE

PRITLr
"DETECTOK...

FLAýE' N'UMBER"

NT
L(X, A I M...
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S ET j--I

SET i=l

DOUBLE
SPACE

PRINT C ij

i= i+

(• NO
j=d j? ~

t TRIPLE

FPRINT
"VALUrES OF
YR(J,K)--"i

DOUBLE

SPACE

PRINT

"!"DETECTOR...
.ACTIVIT PATTERN

P" PRIs NT
WC AT ION ... |
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SET K=l

DOUBLE
SPACE

PRIN f kj

NO
k-a? k-k+l

YES

J=d? NO J-J+l

YES

TRIPLE,
SPACE

PRINT
"VALUES Of

DOUjsLE SPACE

SET 1=1

PRINT F

NO
I-s?

YES

TRIPLE SPACE

PR M,
NALUIS OF
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w

V.

DOUBLE SPACE

PRINT

"COMPOSITE...
PLANE NUMBER"

PRINT
"STATEGY...
1,2, 3,..

SET h=- l

SET i=-1

DOUBLE SPACE

[I Sh NO

i-?i-d
" E-YES



LSUMCIJ

SET i=I

SUMCIJ =

I

K- j=j+l

EJECT PAGE

DOVBLE SPACE

"DETECTOR

[SET J-1
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Q I

-I .
FSQ+0

k' f PFj

YES

k)F SQ'

•k = -73



DOUBLE SPACE

PRINT
"ACTIVITY
PATTERN"

SET k

SET 1J-1

[ sc'Ji(o

a-Id



TRIPLE SPACE

PRINT
"C (J,) --

DOUBLE SPACE

PRINT
"DETECTOR...
PLANE NUMBER"

PRINT
"LOCATION...

SET j=1

SET i=+

DOUBLE SPACE

YES

J-? Os-~



RI
,CHECK By SUI!WIN

CV(J,j)ON EACH J.
HOULD EQUAL1"

DOUBLZE SPACE

I SET J-1.
SCFI(J) -0.

I SET i-I
S C P I(J ) + C FI )

r 
M.

Kc -2 )



SET J-1

---r--

+ CF ijo FI

NO

YESS

No" 
J,..•

YE NO_ 
11-h°°"1h-5

Y- S



ES

PRINT Nj

_V- YES

"STRATENY

SET k-i
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0

-'ET h-1

3h-1
1 

0.
SUSQ a 0.

SUSP 0.

SET J-1

SUSQ SUSQ
+ f PF

hj i
I- SMI

SUSP - SUSP +
f PF , RN
kj i

NO
J-d? J.J+l

YES

RN'kkh- SLSp SUSQ

NO
hac? NO hwh+l

ESY Z 
:No

Y71S

(TRULZ 

SPACE

PRINT

['7YA(soo 
a Ot

6
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DOUBLE SPACE

! PRINT
i "COMPOSITE...
:ACTIVITYPTTR
; NUMBER"

•52 "STRATEGY...

:i;. SET h-l

SET k=l

DOUBLE SPACE
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E. Card Listing of Sample Input Deck

'SFEGUENCE*339

lJ05sI 2345sJPYAN
IFTNoLoX

* PROGRAM JRYAN
DIMENSION CC10,20) 'FR(20.20) .F(20) ,L$C 10.10) .PFC2O) LPP-(203 ,LF(ý,
1910)@RNW.JO,20) ' RNA 100s *20)9§CF 'I "*20)*NUMC 100)
PýRINT 1000-"

!OCC FORMAT(SOX16H C L. 0 S S A R Y)
PRINT 1001

1001 FOM. (*C(I sJ.-DENO-TES. C.ONTRI BUT IONS TO INTENSITY AT JTH DET-ý.CT-*;.
1 LOCATION FROM ITH PLANE OF CONTAMINATION*)

_ PRINT 1002-. . . . . . . . . ..

160i2 FORMAT C*QFR(,)E0 H FATO FTM SPENT AT DETECTCR i
2ERFORMING THE ACTIVITY DENOTED BY K*)
PRINT 1003

1003 FORMAT(*UF(L) DENOTES THE MASS RE.ULCTICN FACTOk (FRACTION CF FA'LLý
3UT REMAININGI FOR DECONTAMINATION STRATEGY L*)
PRINT 1004 ..- ..-

10,;4'1 F0RMAT*OS(N ) DENOE'S"", -WH-IC"H -STR-A T-EG-Y- -L IS' USED TO DEC0NTA~lIr..,L
4 PLANE I FOR COMPOSITE STRATEGY 4,*)
PRINT 100t

1005.F.ORMAT(*OPF(J) 7NOTES THE PROTECTION FACTOR AT EIACH L'FT:.CTOR L'-;
5TION*)
PRINT IC'Q6

100ý6 FOR.MAT*C;uEPFCK) DENk2TES THE EQUIVAL-ENT PROTECTION FACTR0 FCP L%.~--
6ACTIVITY PATT*PN*) -

PRINT 10C07
S 1O,ý7 FORMAT(*CiCF(JsI) DENOTES THE FRACTION OF THE TOTAL INTENSITY PPI-.

7To DECONTAMINATION AT A GIVEN DETECTOR*)

PRINT 1008

100D9 FORMATZ*ORN(HiJ) DENOTES THE INTENSITY REDUCTION FACTCR FOP EAC-i
8DECONTAMINATIO 'N STRATEGY AT EACH DETEC TOkR LOCATIQN*)
PRINT 1010

l~O0 EFORMAj4!ORNA(HqK) DENOTES THý' ACTIVITY DOSE REDUCTION FACTO'R% FVQ.
9ACH COMBINATION OF ACTIVITY AND DECONTAMlINATION*)
PRINT 1011

1011 FORMAT(* STRATEGY AT EACH LJETCTCR LOCATION*)
99 READ 1,ICKsIDIPsIAtISoIC
1 F"ORMAT(11,512)

-- J Ej~.6C)4.v42- .

43 00 10 Iv1Ip
00 10 Jxl10I

-READ 2*ICKOC(IIJ) -.-

2 FOW4Ai-"T(I1.9oS)

,-a j(C-3)624k0s62
10 COWNTUE

D0 20 Kw1.IA ,.-

READ 3oICI(.FR(KiJ) -.

FORMAT( I I fr.sZ
-~ ~ ~ 6 %2 96;_''4 3 Z08



20. CON TI ?uE
REAL) 49(F'(L .L=19*IS)

4 FORMAT(20F4*2)

IFCFCI )-li)64s`3O.64
DO 0 40 m=19IC
READ 5,ICKsNUM(M),CLSCM, I). I=1 IP) -..

IF( ICK-5)65940,65
40 CONTINUE

PRINT 21 *ID.IP*IA.IS. IC
-I FORMAT(4H10 =s13s3Xe3HP =913t3X93HA =sI3%JX%,4HS =93.3qH =#./j

PRINT 22..._ -.-

Z2 FORMAT(/*3VVALUES OF CCIJ)--*) .. ~
PRINT 220
F0RMAT(9HODETECTORe53X*22HP L A N L N L; V. E R)
PRINT 221. (IpI =1 *IP)

".71 F0RMAT (16H LOCATION 913sI0111)

DO 22P. J=19ID
.zZPRINT 11.Js.CCUJ)9I1.IP)

11 F0RMAT(4H.ONO., I~v2XsI FlIe8)
PRINT 23
FORMlAT(/*J)VALUES OF F'RCJ*K)--*)
PRINT 230

:'C FOMT 9CETECTCR142X*43HA CTIVITVPAT
_ E P)

2C1F-PNAT(IIH LC.CATION 92016)
DO 232 J=1*1D

Z5P? PRINT 129JsCFRKqJ)9K:I.IA)
12 FORN¶AT(4HONO.,15s3Xa20_F6*2)

PRINT 24
ii.4 FOrMAT(/*OVALUE!3 OF F'cL)--*,........).

PRINT 139( F (L) of= I IS),
ii FORMAT(12Xs20F'5s2)

PRINT 25
r_;_ F0Ri~lAT(/*0VALuES OF ShI-*

4_3 FORMATt1OHOC#OmPOS1TEs52Xs2eHP L A N E N U M 6 E R)
PRINT21.111*P

Z-1 FORMAT(12H ST:ý9TEGY *1216)
DO 25Z M=101C

1ý4 FORM¶AT (4H0NOo 41 V 1 3X, 216

:0M I..- jv ýC..A I J.; C!1

6c 'PF(CJ).'q/5UMCtj

PP6NT 150 -

!".C r0QrMAT(9H00ETECT0Re./9H LOCATION)
PINT 1~5I(J*PF(J.sJau10O
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Do 70 J=I %ID
7C 5S0=S+FR(KOJ)/PF(J)
80 EPF(K)=1./SG

PRINT 16
16 FgRMAT(*OEPf(-K)=*____

PRINT 160
160 FORMAT(9HOACTIVITY*/8H PATTERN)

PRINT 161,q(KpEPF(K)sK=19IA)
161I F6PMAT(4HCNO*9I'5,F9s2,

DO 110 .J=19D
SCIJ=O
DO 100 I=161P

lc',ý SCIJzSCIJ+C(iqJ)

110 CF(IJ)=C(I*J)/ScIJ _

17 F7ORMAT(/*JCF(Jol)=* _ _ _

PRINT 220
PRINT 23lo(IsI~ltIP -.

Do 120 J=1*ID
120 PRINT 12*J*CCF(I*J)oI=l*IP)

PRINT 9
9 FORMAT(*0 CHECK BY SUM!"ING CF(J.I) ON EACH Jo SHOULD E:UAL1./

DO 130 J=19ID
SCF I (J) =0
Do 130 I=1,IP

130 SCFI CJ)=SCFI (J)+CFC I J) __

a PRINT 13s(SCFf(J)sJ=1*ID)
DO 140 M=19IC________
DO 140 J=11ID
PN(JsM)=0*___ __

--DO14 I * I p
L=LS(M.I)_

PRINT 18 __ _ _ _ _ _ _ _ _ _ _ _ _ _

18 FORMAT(/*ORNCHoJ) *

PRINT :30
1'60 1FORM*A ( i'dHo CbOMp0-SlT E*-365,s5HD E T EC r0 L C C A T 1 0 N N

iMB E R)
PRINT 254q(JlJ=1,'qID)
00 253 M=1,IC

2=3 PRINT 12%NUM(M),CRN(JsM)%J1.sID)

DO 310 KiqIA _

DO .310 MzhIC

0O 300 Jul.1s____

SUSU=SUSO+FR(KJ)/PF(U)
300 Sý,SPaSUSP+FRKJ/PFiJ)*PN(J.M)
310 PNA(K*M)8bUSP/SQSQ

PRINT 19

19 gii FOMT(/*C-'N-A i,ý-; *)
POINT 190
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1- FORMA C OF I T7 Y P A T T P .
1• E R)

PRINT 254,(KK=iI.A)
DO 191 i:ItIC

iL.11 PRINT I2,NUM(M)o(RNA(KM)"KiI"A)

PRINT 98
'8 FORMAT(1H1)

GO TO 99
61 PRINT 71

71 FORMAT(*OINCORRECT DATA CARD--NOT VALUES OF SUBSCRIPTS-*)
GO TO 41

62PRINT 72

72 FOPMAT(*0INCC-RPECT DATA CARD--NOT VALUE OF C TJ);*)
GO TO 41

c3 PRINT 73

73 FORMAT(*OINCCRRECT DATA CARD--NOT VALUE OF FR(KJ)9*)
GO TO 41

S.ý4 PRINT 7-,
74 FORMAT(*UINCORRECT DATA CARL)--NOT VALUES OF F(L-.o*)

GO TC 41
!5 PRINT 75
75 FORMAT(*OINCORRECT DATA CARD--NOT VALUES OF S(H,*1,*)

GO TO 41

.5 FORMAT-(1.91,3 .12 1 ? -
,_-•4 FORMAT(IIH STRATEGY 91216)
41 CONTINUE

END

SCOPE

'LO-AD
'0qNs. 3,92C CCi o 1.- . .-- --. -

-Z,40•4050606

.- 299

.'124
3. '02

:303

731

- _ ý77

4.., , 0 7

w, 7 20
's .36 ____._

- ,20

4C967
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4,0o03

.,'o67

-,,o67

. 1 9

• ,,008

. ~.C2'0.0G.J 9C 0 1 .03o13
Ic 1CI05C132
? ?3-C40 1

1040 1
4 41 C 3C6 0'1

"K, :. C,4.2C, 101

C, 4 C2
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F. Sample Output

1443 1 6203t1 los. 00423 1 61640 UQEok~0fl 0020? 1 619A2 08CENTRY 00064
1 60213 NO 0:,447 1 5776C ALLOC. 00713 1 1075t3 OSTAR 00245 1 $7449 Sil", 00061
1 97411 TS4e. 514S.6 06011 hOC 000.13 1 55141 10,4. 0S219

hopi

LAUIL61) CI.qqON

NtORw&RaDt C0144014

0 00074 04NhI 1 7/5334 JNVA14 1 61566 OSOENTdY 1 6230? ?MENto
1 6,1962 )S2DI:T. I 573A9 SOSIFEVl 1 97419 TS,4. -- - MkiA 1714,H
1 62301 

2
N51N60L 1 670%0 tot!. 1 61373 lop. 1 620760 lops]

1 02242 241CO41% 1 62173 QS0N.ST, 1 62364 ONofOUSL. -II o .-
1 61646 2S2W4040 '1 61753 f)S(JkRSET 1 61SA3 EXIT 1 9913 alSTAN
1 97601 qSc.4bc4 1 57616 RSCLOSE 1 117577 140ISKEI4 6014i ALLOe,
1 97766 4ET.J441 1 60072 RUST. 1 60101 IRFTURN. :45 1 , L4 a;CIN
1 "S1AS I"., 1 55141 ACVUBU. 1 57J61 08O1FIOC 169 I
1 97213 *RPCT.

kECUlIOth STA41EIJ At 1417 *02
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ULObSAHY

G(It,) ODEOTES CUN7Ii3UTIONS TO INTENSITY AT Jyw ntTECTOR LOCArIO;. :;40 ITH PLANE OF CONTAMINATION
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A-4. 4 A. 2 S 2 6 ' C

VALUES OF Ctl#J)--

DITECYOR P L A N E N -K-f-E-T-

LOCATIO0 1 2 3 4

NO, 1 0,29900000 0,14100000 0152900000 0407100000

NO, 2 03.3600000 0.03100000 0.70600000 0.J7100000

NO, 3 0,02420000 0U20900000 0.16200000 0,08500090

NO, 4 0.00200000 0.00900000 0.001000400 0.olO0o0P

VALUES OF rqc(j.I-*

DETICTOR A C T V V I T Y P-A-TT-F-W- wMvT-W-
LOCATION 1 2 1 4 5

NO, 1 0,06 0.0' 0,2l 0.13 0.19

NO, I q,0/ 0.17 0,0W 0.f5 0.06

NO, 3 0.20 0.09 0,03 0,15 0.06

NO, 4 0.67 0.67 0.67 0.67 0.67

VALUES OF F(L)'*

1.00 0.02 0,03 0.09 0.10 0.13

4• vA6U&S OF St.l).-

cOmPOSIfT P A A N 6 Nu_ AE_. R

"STRATEGY 1 4 3 4

NO. 1 1 1

NO, 2 3 . 4 1

he0, 1 4 1

NO, 4 1 S 4

NO, 44 2 1

NO, 4 1 1 5
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Pr(j) a
-V|TICTOr•

LOCATION

"NO, 1 ,o00

Oo, I 1.00

NO, 3 2,00

NO, 4 1O0,00

GPFIKI

ACTIVITY
PATTENN

NO, 1 4s22

NO, a 3.03

NO, 3 3,11

NO, 4 3,82

4O, 9 3,6

MCs I)$ I

3ETECTOI P LA E N U M U R

.OCATIOV 1 2 3 4

NO, 1 0.30 0,10 0,93 0.07

NO, 1 0.39 0.03 0,21 0.35

NO. 3 0.05 0.42 0,3t 0.17

NO* a 0,D0 e ,5s 0,C0 0.20

:WICK Iy SUNING CF!J.I) ON EACH J. SMOULD kOUoL 1,

1,0 1.00 lo0 1.00

NNIwJ) a

COMPOSIT6 n T C f Oe L OC A TI I mk UNUN

SINAT46Y 1 3 . 4

NO, 1 0.14 0.60 0,46 0.3S

O, 1 O.15 0.41 0,22 0.25

NO, 3 0.52 Co.s C,16 0.91

wO, 4 0.44 1.79 0 a5 0.43

IO, 9 ".63 0.44 06,S 0.35

NO. 6 s 0.4 6l 0,• 0.73
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CONPOSIYE A C T I V I T Y P A IT 6 R N N U N S E R
STRATEGY ! 2 3 4

~~0 oo 0 5 0 6 3 0, 80 0.6 7 0.73

No 1O 0,25 0031 0*15 0.21 0.21

NO, 036 0o o72 Os$S 0#64 0.62

ki, A 0,48 0.62 0,46 0.46 0.42

NO, 0.51 0.60 ),62 0.60 0.A1

mot, 0,50 0.46 0,47 0.49 0.48
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Appendix F

The Nature and Scope of Command and Control System Elements Required
for Conducting Effective Decontamination in Municipalities

I. INTRODUCTION

A. Purpose

The purpose of this study is to determine the nature and scope of the conmand

and control system elements which are required to effect practical decontamination.

Emphasis is placed on decontamination within municipalities. Such a study is

necessary in order to answer a number of questions basic to decontamination analy-

sis. The five questions on which this study focuses are:

1. What are the preattack anu postr.tack data required to effect decontami-

nation operations?

2. What are the essential components of the information system needed to ef-

fect decontamination operations?

3. How should trained and untrained personnel and decontamination equipment

be prepositioned, organized, and controlled?

I4. How can a decontamination system in a municipality be evaluated?

5. How can a decontamination system in a municipality be most effectively

modeled to provide a ready vehicle for system analysis?

Of co"rse, all of these questions are asked for various levels of decontamina-

tion capabilities, requirements, and attack envirorents. As implied by the ques-

tins above, a subsidiary purpose of this study is to develop a procedure for ana-

lyzghg a decoutamination system in a municipality.

B. sx r

This appendix first describes elements and purposes of comand and control

I



systems in general. The various components of a decontamination system in a municipality

are then identified and embedded in rhe geze~d1. command and control systmn, framework. It

is shown that a command and control system for decontamination operations must pro-

vide both for decisions on -,,•.ther or not to undertake a mission and for manpower

and decontamination resource commitment and allocation decisions. These decision

functions require an elaborate information subsystem consieting of organized data

files containing prestored (preattack) data and postattack assessments (including

system feedback).

The detailed characteristics of the individual components in each of the essen-

tial subsystems of a decontamination command and control system are studied. The

interrelationships among the individual subsystem components are identified and dis-

played.

In order to determine the command and control system elements required to ac-

complish practical decontamination missions in a municipality, the enviromment and

the system goals are reviewed and analyzed. Basic system evaluation criteria are

also discussed and the essential decontamination system evaluation criteria are

identified.

Recommendations and guides leading to the design of a basic command and control

system for municipal decontamination are indicated.
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II. GENERAL CHARACTERISTICS OF COMMAND AND CONTROL SYSTEMS

A. Introduction

Most persons who are concerned with business, government, or military operations

are also acquainted with the basic characteristics of command and control systems.

However, a review of the elements and purposes of commnd and control systems is

useful in providing a framework into which the components of a decontamination sys-

tem can be embedded.

Further, since the technology of command and control systems is advancing rap-

idly, the terms which define the basic components of such systems are changing day

by day. Thus, it is necessary to define precisely the terms and expressions used in

this appendix to define the system components and system goals.

The succeeding parts of this expL.natory section are:

Section II-B The Purpose of Coumnand and Control Systems

Section II-C The Basic Components of Command and Control Systems

Section II-D Some Examples of Cowmand and Control Systems

B. The Purpose of Command and Control Systems

The purpose of any command and control syste•m is to: (1) determine for a given

operation or set of operations, what must be done, who (or what) does it, and when,

where, and how they do it; and (2) direct the activities which accomplish it.

Obviously from the above, it is seen that a command and control system must have

the capacity both to initiate and to monitor activities. As operations or sets of

operations become more complex, systematized command and control mechanisms become

more necessary.

C. The Basic Com.'onents of Command and Control Systems

Most command and control systems are composed of a set of basic elements called
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subsystems. The expressions ,ised to identify these subsystems as well as their de-

fining characteristics are presented here along the lines indicated in Reference F-i.

The following subsystems are comumon to all command and control systems:

1. Sensor subsystem;

2. Effector subsystem;

3. External cumuunication subsystem;

4. Internal coxnunication subsystem;

5. Information subsystem;

6. Decision subsystem;

7. On-line control subsystem; and

8. Off-line control subsystem.

The command and control center is composed only of the internal communication

subsystem, the information subsystem, the decision subsystem, and the on-line control

subsystem. Figure F-1 shows the functional relationships among the basic subsystems

of a command and control system.

1. Sensor Sub ystem

The bp_3i" purpose of the sensor subsystem is to acquire information inputs.

This infirzz.tt•=o input maeerial is classified into three categories:

a. observed information irputs;

b. derived information inputs; and

c. command information inputs.

Unfortunately, sensor subsystems also acq.,re material which is not information

input at all. This non-information input or "noise" represents irrelevant or

erroneous material.

Observed information inputs can be such things as visual observations,

verbal communications, radar scope readings, radiological dosimeter readings,

or on-aitv damage computations. Derived information inputs are date which re-

sult from deductive processes. It may be the product of either experimental
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or theoretical research, for example. This is usually prestored data and thus

the external sensors which acquire such information inputs may be inactive dur-

ing most of the time that the system is operating. Command information inputs

are in the form of directives which enter the system from external sources.

Decisions made outside of the command and control system but affecting the

operation of the system are a form of command information input. Figure F-2

shows the structure of information inputs which are acquired by the sensor sub-

syster.

2. Effector Subsystem

The purpose of the effector subsystem is to carry out the dl:2ctives of

the decision subsystem. This may consist of simply disseminating information

or at the other extreme carrying out the over-all system missions. The

effectors are thus controlled by the output commands and decisions of the

command and control center. The effectors' task is to apply the energy com-

mitted for some external action. An example of an effector would be an offen-

sive aircraft directed to attack a target as prescribed in the command and

control center.

3. External Comuunications Subsystem

The external communications subsystem is the network of paths wich

carries material (information inputs, information, etc.) to and from the func-

tional blocks tied to thfs subsystem in Figure F-1. These paths can consist

of radio communications, telephone links, verbal information transmission, etc.

Often an external sensor or effector can also be a part of the external cou-

nications subsystem as well as the sensor or effector subsystem. The organi-

zation and other systema variables involved in this subsystem depend largely

on the characteristics o. the particular cmmand and control system of which

it is a part.
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4. Internal Comuuniations Subsystem

The internal communications subsystem is similar to the exterral communi-

cations subsystem except that it is entirely contained in the command and con-

trol center. Figure F-1 shows its functional relationship to the system as a

whole.

5. Information Subsystem

The information subsystem is the part of the command and control center

which handles, stores, transforms, or displays the information which is trans-

mitted to thc command and control center. It consists of all of the people,

machines, reports, and files within the command and control center which are

employed to perform this function.

6. Decision Subsystem

The decision subsystem (illustrated in Figure F-3) Llight also be called the

command subsystem. It is the component of the command and control syste:m which

transforms information into decisions. These decisions are usually translated

into commands to perform an activity, or coumit resources to perform prescribed

actions duriiug a prescribed time interval. Figure F-3 illustrates how the de-

cision subsystem transforms information into decisions and coumands.

7. On-line Control Subsystem

Ideally, the on-line control subsystem (illustrated in Figure F-4) controls

all information transmission and monitorb all actions performed by the command

and control system. In practice, the on-line control mechanism only attempts

to perform these tasks in most real situations. Many activities are performed

by the effectors by their own volition because there is not enough tize for the

decision subsystem to outline a course of action. For example, a Polaris sub-

marine undAr attack preusamably would either attack its adversary or take eva-

siva action immdiately without comnicating throwh a higher echelon decision
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subsystem.

A very important aspect of such on-line control is the regulation of sys-

tem accuracy and/or response time. This means that the on-line control sub-

system attempts to control delays and errors in thie transmission and trans-

formation of information in the command and control system. This role of the

on-line control subsystem makes it the most important element in the system.

Unfortunately, it is also the most difficult to identify precisely in most

physical systems, In the above Polaris example, the effector subsystem per-

formed a function which, for at least one situation, icaentifted the effector

as a part of the on-line control systai. Usually those machines, people, etc.,

which perform on-line monitoring and control functions from within the conmand

,nd control center are considered to comprise the on-line control subsystem.

Figure F-4 shows schematically how the on-line control subsystem performs in

the system envirotunent.

8. Off-line Control Sublys

The off-line control subsystem monitors and controls processes which affect

the system but are not performed on-line. That is, they are either performed

before the system is operational or are performed outside of the control of the

on-line control subsystem. One important function of the off-line control

subsystem is to collect and process statistics and reseaT:ch for future auguen-

tation of the static variables of the system. On the basis of the observed

stattstics and research, the off-line control subsystem mkes reconmendations

to the on-line control subsystem for possible future control of the dynamic

variables. Basic research perforred long in advance of an operational system

must be controlled. it is the purpose of the off-line control subsystem te

control this research. Thus, most often, sum segrwnts of the off-line con-

trol subsystem are the firct operational parts of a camand and control sys-

tem.
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D. Some Examples of Cozmand and Control Systems

Some of the Air Forcels "L" Systems are excellent examples of military command

and control systems. A few are summarized below (See Reference F-2 for these and

additional examples):

412L - Air Weapons Control System

An overseas theater tactical air weapons control and warning system.

416L - SAGE Air Defense System

A semi-automatic area air weapons control and warning system including
tho Back Up Interceptor Control (BUIC) for detecting, identifying,
cracking, and providing interceptor weapon direction against air-
breathing threats to the United States and Canada.

474L - Ballistic Missile Early Warning System

A system to provide early warning of a mass ballistic missile attack on
the North American continent from the North.

481L - Postattack Command and Control System

A system to enable the Commander-in-Chief, Strategic Air Command, to
control his forces in the event that a nuclear attack destroys or
seriously degrades his normal facilities.

Many of these as well as other of the "L" Systems are subsystems of higher

echelon command and control systems. 474L (BMEWS), described above, is also a

sensor subsystem of higher echelon systems.

F- 12
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III. A COMMAND AND CONTROL SYSYEM FOR MUNICIPAL DECONTIAMINATION

A. General

The previous section defined the characteristics of subsystem interrelationships

common to all command and control systems. It is the purpose of this section to

identify the basic system elements required by municipal decontamination and to

embed these elements into the general command and control systems framework of the

previous section. In order to accomplish this, the following steps are taken in

this section:

I. Analyze the envirorment, within which municipal decontamination is expected

to operate.

2. Identify the goals of munictpal decontamination.

3. Prescribe the decontamination system performance requirements.

4. Identify and relate the elements of a decontamination system.

5. Relate the elements identified in 4 above to the general command and

control system framework defined in Section II.

B. Environmental Aspects of Municipal Decontamination

Municipal decontamination by itself is only a part of the broadar system of

postattack radiological defenje. The time during which a radiological defense sys-

tem operates can be logically divided into three time phases: the emergency phase,

the operational recovery phase, and the final recovery phase (Reference F-3). The

underlying reason for dividing radiological defense into three time phases is the

change due to fallout decay.

Figure -5 sho~ws that the emergency phase begins with a preattack warning--an

event highly probable during times of international crisis--If it occurs, or attack

warning otherwise. It may last for several days, weeks, or 'uonths depending on the

warning obtained (combined with the population discipline attained for buch an event)

and the attack ptrameters. The decision-makers during this phase utilize preattack
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planning, before and after warning, the exteint and effectiveness of which is de-

termined by the amount of preattack warning given. This is a function of intelli-

gence indicators.

The objective of radiological countermeasures during this phase is survival, for

it is during this period that the fallout arrives, accumulates, attains some maximum

intensity, and then begins to decay. It has been shown that the optimal or primary

radiological countermeasure during this period is enshelterment. The central re-

quirement of the system during this period is to provide a sufficient number of

adequate shelters so located as to minimize casualties. The potential effectiveness

of the system during this period is determined by the degree of protection afforded,

space availability and accessibility, and warning time.

The operational recovery phase follows the emergency phase and encompasses the

operations prerequisite to:

1. Sustaining life in a hostile enviroment; and

2. The rccovery of essential postattack activities and/or facilities.

From Figure F-5 it is seen that the transition to the operational recovery phase

takes place when limited egress from shelters is feasible.

.he final recovery phase begins when radiation intensity decays to an insignif-

icant level and primary consideratione can be focused on functional restoration of

the target area as nearly as possible to its preattack condition.

Municipal decontamination will be activated primarily during the operational

recovery phase. The following environmental conditions will then prevail:

1. Fallout deposition, generally, will be comnlete.

2L Fallout radiation will still be a hazard in some areas. Most of the

civilian population will be sheltered during much of the time that de-

contamination is being performed.

3. There may be damage in the area from direct weapons effects (blasts,

thermal, EMP, etc.).
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4. The entire Civil Defence System will be v active, i.e., communications

lines, logistics supplies and equipment, etc. will be very busy.

This last item is perhaps the most important condition affecting the environment

of municipal decontamination systems. It is a factor over which the decision-maker

has some control. As is pointed out in Reference F-3, the decision-maker has little

or no control over most environmental factors.

Reference F-3 also points out that the environment is an important factor lim-

iting the range of decisiotis which can be made in the postattack period. Because

of the wide variation of damage, yielding a wide variety of physical environments

(in which municipal decontamination might operate), the decision subsystem of any

proposed decontamination system must be extremely flexible and capable of making

very complex decisions. Further, it should be capable of making decisions based on

varying amounts of reliable (and unreliable) information. This will subsequently

be discussed in some detail.

C. Goals of Municipal Decontamination

The primary goals of decontamination within a municipality (in a very broad

sense) are:

1. Continued survival within the municipality,

2. Accelerated municipal recovery, and

3. Assistance in the recovery of a region (not necessarily containing the

municipality ".here the decontamination system is operating).

Since the three goals listed above are also primary goals if the overall radio-

iogical defense system, any decontamination system must be closely coordinated kith

other radiological defense systems. This implies the existence of an overall radio-

logical defense command and control system. Although it is not the purpose of this

report to elaborate on the overall system, it should be recognized that much of the

command information input to the decontamination coemand a&nJ control system will be

output from such a higher echelon decision subsystem.
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D. Municipal Decontamination System Performance Criteria

In light of the existence of a higher echelon command and control system, the

question might be asked: "Why a command and control system for decontamination?"

There are two basic reasons for proposing a separate system to command and control

decontamination operaIons in a municipality:

1. The specific decisions involved with effectiig decontamination operations

in a municipality are in themselves complex enough to warrant a "decontami-

nation-level" decision subsystem.

2. The information requirements for effecting useful decontamination decisions

are in themselves very involved and require a separate "decontamination-

level" information subsystem. This is not to say that a decontamination

information subsystem would not borrow components from, or overlap with,

parts of other radiological defense information subsystems, e.g., RADEF.

Later in this appendix, the information input and decision structure requirements

for effecting decontamination will be identified and will substantiate the above

reasoning for a separate decontamination command and control system.

The basic critetia upon which to judge a decontamination system are:

i. To what extent does the system increase the effectiveness of decontamination

in achieving the goals and requirements prescribed by higher echelon decision

subsystems?

2. How effectively does the system reduce on-:ine decontamination costs (,n

manpower, crew doses, expenditures of fuel, water, etc.) for specified

levels of performance?

3. How effectively does the system reduce off-line decontamination costs (re-

search funds required, training of personnel, procurement of equipment, etc.)

for specified levels of performance.

This last criterion is separated from the second, in that it can be treated as

i static goal of .he system (i.e., one which is evaluated by off-line simulation
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and/or analysis of on-line system performance). The first two are dynamic goals

(i.e., those evaluated by on-line performance and which can be controlled on-line).

E. Elemcntq of a Decontamination System

The purpose of this section is to identify the functional decontamination de-

cision elements as well as to determine the data base and information flow required

by these elements. These data and information flow may be internal to the decon-

tamination systpm (between subsystems) or external to the system (to and from higher

echelon or para;lel systems). The higher echelon coimnand and control system with

regard to decontamination is the Postattack Civil Defense Emergency Operating Sys-

tem. Parallel systems would include systems to control such functions as rescue,

law and order, engineering, welfare, firefighting, medical, etc. Certain other

subsystems of the Emergency Operating System would provide sensor information inputs

for the decontamination system. These include RADEF, damage assessments, NUDETS,

etc. Figure F-6 illustrates schematically the information flow between the various

command and control systems related to decontamination.

The subsystems of the decontamination system must provide the basis for command-

ing and controlling all of the activities and decisions which comprise decontamina-

tion. Thus, a first step towards identifying the elements of a decontamination

coimmand and control system is to list all of the important activities and decisions

which are required to perform effective decontamination. In order to determine

whether or not to decontaminate a given facility or activity and thence to schedule

the operation, the following steps muqt be taken:

I. Determine that the facility or activity is essential to sustaining life or

accelerating recovery. This may involve no more than being told by t'e

higher echelon decision subsystem that a given facility or activity is

essential.

2. Determine that the given facility or activity is presently denied by fall-

out or will be when you want it.
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3. Determine that dacontarination can reduce the fallout denial time of this

facility or activity to or below the minimum desired.

4. Determine that equipment and supplies (water, etc.) are available to decon-

taminate around this facility or activity.

5. Determine that sufficient manpower (taking dose histories into account) is

available to decontaminate this facility or activity.

6. Determine that the facility or activity can be decontaminated to a specified

level of effectiveness without overexposirg the decontamination crews.

7. Determine that direct weapons effects or congestion will not impede the de-

contamination equipment in reaching the facility or activity.

8. Decide to decontaminate the given facility or activity.

9. Commit resources and schedule the decontamination of the given facility or

activity.

10. Initiate and conduct the decontamitation opLration.

11. Monitor and control the decontamination operation.

12. Determine whether additional resources are required and available to complete

the decontamination of the facility or activity.

13. Comit additional resources to decontaminate the facility or activity if

needed.

14. Determine that the r'montamination operation is completed.

Each of these activities triggers a response within the system. Thus, none of

these activities can be omitted iln the analysis without reflecting a gap in the re-

quireu data base and organizational structure. Each actitty desntds a supporting

data base, some resources, and some organizational (co~xmnd and control) structure.

This organizational structure should provide for both information channels and de-

cision structures.

Figure F-7 shows the supporting structure and data býase for conducting the de-

contm=ination of a given fucility or 4ctivity. Each of the ier-rortant Activities
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involved with such an operation is delineated and the data base for each activity

specdi.fed. Clearly the required information channels comprise a complex network

and imply the necessity for a well organized information subsystem.

Close examination of Figure F-7 reveals the necessity for other subsystems

similar to those described in Section II of this report. For instance, an on-line

control system will be required to monitor and control the decontamination operations

and also to direct and insure that information is forwarded to the proper functional

elements of the decontamination system. The parallelism between required decontami-

nation system 2lements and classical command and control subsystems is considered

next.

F. Decontamination System Elements

The purpose here is to identify the command and control system elements re-

quired to conduct effective municipal decontamination. The interrelationships be-

tween the functional elements are discussed and displayed.

In Section II of this report, each of the necessary subsystems of any command

and control system are identified and defined. The basic supporting data base as

well as the activities and decisions necessary to conducting postntta.r: decontamina-

tion are illustrated in Figure F-7. It is now necessary to relate these necessary

decontamination system af~tivities to the command and control framework described in

Section II. Table F-I lists some of the basic d&.contamlnation functions performed

by each of the comand and control subsystems. Figure F-8 illustrates the functional

relationships among these decontamination aCtivitie3. It is seen that some of these

functiona are atso parallel systems to decontamination. Radiological monitoring,

for instance, wo••ld be required for almost all of the parallel systems shown in

Figure F-b.

What is possible to note from Table F-I and Figures F 7 and F-8. however, is that

the ytem rt-juired to conduct effective dc ontamination does have all of the character-

ist~cs of a ftill scale co•wTnd and control cyst",. All of the ustial sub-systems of

command and control -.yscems are needed in some tashion to perform municipal decon-

tamination.
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TABLE F- I

Decontamination Subsystem Functions

Sensor Subsystem

1. Radiological monitoring.
2. Field Surveys, etc.

Effector Subsystem

1. Move decontamination equipment to sites.
2. Perform decontamination.

External Communications Subsystem

1. Transmit data and information to and from radiological monitors, field
inspection teams, etc., and decontamination crews to the Emergency
Operating Center (EOC).

Internal Communications Subsystem

1. Transmit data and information within the EOC.

Information Subsystem

i. Store and catalog decontamination planning guides and other related
(prestored) materials.

2. Display environmental information (RADEF, etc.) within the EOC.
3. Process data inputs and information coming in from the external sensors

into a usable form for persons with information needs.
4. Provide information to decision subsystem on request.

Decision Subsystem

1. Decide when, what, and how to decontaminate.
2. Decide when to commit resources and which resources to commit.
3. Decide whether additional information is required to make a decontami-

nation decision.

On-line Control Subsystem

I. Monitor and control decontamination.
2. Commit resources to decontamination tasks.
3. Control inf)rmation flow, assign tasks to radiological monLtors and field

inspection teama. This included regulating response times and information
ac:uracy.

Off-line Control Subsyste.

1. Monitor and control decontamination research.
2. Preposition and inventory decontamination personnel, equipient, and

supplies.
3. Organize decontamination subsystems within the EOC,
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IV. AN INFORMATION SYSTEM (SUBSYSTEM) FOR DECONTAMINATION

A. Introduction

Figure F-7 in the last section depicts a very complex information-flow network

required in the decision whether or not to conduct a particular decontamination

operation. Certainly some control over the collecting, storing, and disseminating

of all of these data is necessary. It is the purpose of this section to indicate

the basis upon which an information subsystem for decontamination could be designed.

The stepe taken towards this end are along the lines suggested in Chapter 3 of

Reference F-3:

1. The information input requirements are discussed.

2. The information format including the criteria upon which to judge the use-

fulness of the information are discussed.

3. The means for obtaining, storing and disseminating the required information

are identified.

The last two steps required in des>.gning an information system (identifying

alternative systems and choosing a best one) are not taken up in this report.

B. Information Input Requirements for Conducting Decontamination

Most of the information inputs shown in Figure F-7 are not required for every

decontamination dezision. For instance if no blast damage has occurred in the

city where decontamination is being performed, specific blast-damage information

inputs would be unnecessary. It a higher echelon decisions subsystem commands that a

facility be decontaminated, the information inputs required to determine that the

job is necessary are no longer relevant to the decisihn. Thus, there are different

informittion input requirements depending on the environment and the kind of decon-

taminat'on decision being made. The environment includes not only the attack damage

but thi: overall decontamination resource situation and the population dispersal.

(This lat item is a function of the attack warning time of day of attack. pre-
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conditioning and training, etc.) Clearly the problem of identifying all of the pre-

attack and poqtattack data requirements for effecting municipal decontamination for

all situations would be a mammoth undertaking, Whether or not such an effort would

be fruitful is in itself a difficult question. This report will simply list some of

the basic requirements which appear to be a necessary input to most decontamination

decisions. They are:

1. Fallout information - This includes both amounts of fallout (mass) and the

dose-rates where the fallout is deposited.

2. The location of essential facilities and the urgency of their recovery -

This information may be in the form of a command from a higher echelon

decision subsystem or prestored information in the EOC.

3. Decontamination resource inventories and schedules - This information

should be kept up to date in the EOC.

4. Planning guides for conducting decontamination - This information is pre-

stored in the EOC.

These basic information requirements are presented in a general manner only;

any additional refinement would require a complete situation analysis including a

description of the environment and the kind of decontamination decision being made.

C. Information Utility Criteria

As stated in Reference F-3, the basic criteria upon which to judge information

are:

1. Timeliness;

2. Pertinence;

3. Reliability; and

4. Comprchensibility

1. Timeliness

The value of radiation information particularly is very dependent on when

it is rceived. This is because of the decay rate of the fallout intensity.
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Radiation reports during the build-up phase and shortly thereafter are not

essential for future decontamination. This information, in fact, is best kept

out of the decontamination information subsystem. It simply clutters the system.

Radiation information, to be useful, must be reasonably up to date and reflect

the amount of fallout or intensity. As the decay progresses it becomes less and

less important that the information be processed quickly. Of course late re-

ports might delay a decision to decontaminate an essential facility.

Prestored data should be organized so that the decision-maker can obtain

information from his files as he needs it.

2. Pertinence

The information should be organized and disseminated in a manner to minimize

the amount of uwnecessary information being pro'ided to the decontamination de-

cision-maker. Prestored information (decontamination planning guides, etc.)

should be concise and to the point. As is pointed out in Reference F-3, "Extra-

neous material noL only wastes the time of those who must use it, it may also

lead to incorrect decisions by obscuring the most important considerations."

3. Reliability

Information should be accurate. Reference F-3 points out that accuracy is

influenced by the quality of the information inputs as well as the ability of

the system to transmit and transform data without making errors.

Unfortunately, this criterion is particularly difficult to meet for decon-

tamination decisions. Radiological monitoring devices are tuite variable in

their accuracy of intensity measurements. Indeed, winds or redistributed fallout

cause information inputs to reflect incorrectly the status of the radiological

enviroment. Because of this uncontrollable reliabtlity, decontaminalioii de-

cisions will have to be made despite vst inaccuracy ita information inputs.
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4. Comprehensibility

Information inputs from external sensors must be collected (time, location,

etc.) and presented in a comprehensible manner. Prestored data must be clear

and written or presented in a manner readable-bXthe user, e.g., decontamination

planning guides should be readable to the local decision-maker in the AOC.

D. Means for Obtaining, Storing, and Disqeminatinj the Information

Radiation information can be obtained from rcliation monitors. This informa-

tion can be measured with instruments or visually observed. It may be forwarded to

the EOC via telephone, radio, or hand-carried. Such information can be posted and,

kept up to date on display boards, map books, or typed and hand-written reports.

Field survey data can be handled in the same manner

Prestored data are obtained by preattack udta acquisition and research. The

kinds of prestored data obtained are determined by careful preattack assessment of

postattack data needs. They cau be stored as printed reports, maps, etc., or if

retrie-al mach'nery is available, they could be stored on punLhed cards, magnetic

tapes, drums, discs, etc.

E. Summary

It is not the purpose in this appendix to prescribe precisel- an information

subsystem for decontamination. Whether or not a separate information subsystem for

decontamination as opposed co, say, firefighting is needed is not answered in this

ap:endix The answer to this question lepvnd4 largely o. the organ'.zational structure

and systevi design of whatever higher 4,'helon systems are developvd (e.g., Emergency

Op..rating Systems).

Th.s appendtx simply indicates a basis for disigninR a jecontamination informa-

tion sys~tys.
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V. CONCLUSIONS AND RECOcMENDATIUNS

A. Conclusions

Some command and control structure will be necessary to conduct effective munici-

pal decontamination. Whether or not a separate decontamination command and control

system is necessary is not determined in this report--nur will it be determined with-

out a far more extensive research effort. The decisions and activities related to

decontamination do, however, require an elaborate information subsystem consisting

of organized data files containing prestored (NFSS data, decontamination planning

guides, etc.) data and postattack assessments (including system feedback). A good

argument for a decontamination information subsystem could be presented on the basis

of the complex network of information flow shown in Figure F-7.

B. Recommendations

It is recommended that decontamination be considered in the development and de-

sign of any Postattack Emergency Operating System to be operdtional at the municipal

or ca unity level,. Ic is further recommended that the systems requirements for con-

ducting decontamination be analyzed more thoroughly and the necessary system functions

and minimal organizational structure for conducting effective municipal decontamina-

tion be more precisely identified.
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